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WATER RESOURCES OF THE RI0 GRANDE BASIN, 1888~
1913, INCLUDING SURFACE WATER SUPPLY OF THE
WESTERN GULF OF MEXICO BASINS, 1913.

By RoBerT ForLLANSBEE and H. J. DEaAN.

SCOPE OF REPORT.

This volume, which is one of a series of 12 reports presenting results
of measurements of flow made on streams in the United States during
the year 1913, includes all data concerning the Rio Grande and its
tributaries collected prior to September 30 of that year.

Systematic study of run-off in the Rio Grande basin was begun by
the Federal Government near Embudo, N. Mex., soon after the
passage of the act of October 2, 1888, which authorized the organiza-
tion of the irrigation survey under the directipn of the United States
Geological Survey. A camp of instruction for hydrographers was
established near Embudo, and at this camp and the gaging station
near by, the methods of stream measurements now in general use were
systematized. In the spring of 1889 additional stations were estab-
lished on the Rio Grande near Del Norte, Colo., and El Paso, Tex.
From this beginning the work of measuring the waters of the Rio
Grande basin has been expanded not only by the Geological Survey
acting alone but by the Survey in cooperation with the American
section of the International Water Commission® and the State
engineers of Colorado and New Mexico. At the end of September,
1913, records had been obtained at 93 gaging stations.

The present report contains not only all data concerning stream
flow in the Rio Grande basin collected by the Survey and cooperating
parties but also records furnished by individuals connected with
private interests. Most of the records here assembled have been
taken from the publications of the Geological Survey, but original
estimates have been revised where later data have indicated errors.
The most notable necessity for revisions was in the older estimates
of winter flow of the Rio Grande at Del Norte and Lobatos, the fig-
ures given in the present report being considerably lower than those
first published. Tables of daily discharge not heretofore published
have been supplied from the original computations.

1 Prior to July 1, 1910, International Boundary Commission.



10 WATER RESOURCES OF RI0 GRANDE BASIN, 18881913,

The drainage area is stated in connection with the run-off data for
only a few of the stations, and no estimates of run-off per square mile
have been made, for the maps for the greater part of the basin are so
poor and the unit run-off for different areas varies between limits so
wide that such estimates would be of little value.

The results of studies of precipitation, evaporation, and sedimen-
tation as factors in determining the value of reservoir sites for storage
of flood waters, on which future development must largely depend,
are also presented in this report.

COOPERATION AND ASSISTANCE.

The American section of the International Water Commission
began the work of stream gaging in 1897, by taking over the station
at El Paso, Tex., formerly maintained by the Geological Survey. In
1900 a number of stations on the lower Rio Grande and tributaries
below El Paso were established by the American and Mexican sections
of the Commission, and in 1901 the station on the Rio Grande at San
Marcial was taken over from the Geological Survey. These stations
have been maintained to the present time under the immediate
direction of W. W. Follett, United States consulting engineer, through
whom the chairman of the commission has furnished the records and
to whom special acknowledgments are due.

A large part of the field data for the Pecos River basin was furnished
by the United States Reclamation Service, by whom the stations were
maintained.

Since 1909 the State engineer of Colorado has cooperated in the
maintenance of the stations in Colorado and for 1912 and 1913 he has
furnished all field data.

From 1907 to 1912 the work in New Mexico was ‘carried on under
the immediate supervision of the Territorial engineer. During the
later part of 1912 a cooperative agreement was made with the State
engineer and an office of the Geological Survey was established at
Santa Fein connection with the State engineer’s office.

Acknowledgments are due also to the State engineers of Colorado
and New Mexico for cooperation in making a complete seepage inves-
tlgatlon of the Rio Grande from Del Norte, Colo., to El Paso, Tex., for
use in this report.

The United States Forest Service has prepared the data used in
compiling the statements regarding forestation in the drainage basin.

Mr. W. L. Rockwell, irrigation engineer, Department of Agriculture,
furnished the records of evaporation at the United States Experiment
farm near San Antonio, Texas.

Mr. R. H. Forbes, director of the Agricultural Experimént Station
at Tugson, Ariz., furmshed the records of evaporation near Phoenix,
Ariz,
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Acknowledgments are also due to a number of corporations and
individuals for furnishing records, as noted in conmection with each
station affected.

The writers have assembled and reviewed the stream-flow data here
presented and have made such changes in previously published
figures as were necessary to reconcile apparent discrepancies. They
have also reviewed and discussed the results of investigations of pre-
cipitation, seepage, evaporation, and sedimentation.
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DEFINITION OF TERMS.

The volume of water ﬂow-ing in a stream—the ‘“run-off”’ or “dis-
charge’’—is expressed in various terms, each of which has become
associated with a certain class of work. These terms may be divided
into two groups—(1) those which represent a rate of flow, as second-
feet, gallons per minute, miner’s inches, and run-off in second-feet
per square mile, and (2) those which represent the actual quantity
of water, as run-off in depth in inches, and acre-feet. The units
used in this series of reports are second-feet, second-feet per square
mile, run-off in depth in inches, and acre-feet. They may be defined
as follows:

“Second-foot’” is an abbreviation for cubic foot per second and
~_is the unit for the rate of discharge of water flowing in a stream 1
foot wide, 1 foot deep, at a rate of 1 foot per second. It is generally
used as a fundamental unit from which others are computed by the
use of the factors given in the accompanying table of equivalents.

“Second-feet per square mile” is the average number of cubic
feet of water flowing per second from each square mile of area drained,
on the assumption that the run-off is distributed uniformly both as
regards time and area.

“Run-off (depth in inches)”” is the depth to which the drainage
area would be covered if all the water flowing from it in a given
period were conserved and uniformly distributed on the surface.
It is used for comparing run-off with rainfall, which is usually
expressed, in depth in inches.

An “acre-foot” is equivalent to 43,560 cubic feet and is the quan-
tity required to cover an acre to the depth of 1 foot. The term is
commonly used in connection with storage for irrigation.
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CONVENIENT EQUIVALENTS.

The following is a llst of convenient equivalents for use in hydraulic
computations: .

Table for converting discharge tn second-feet per square mile into run-off in depth in inches

over the area.
Discharge ‘Run-off (depth in inches).
(second-] feet
per square
mile). 1day. | 28 days. | 29 days. | 30 days. | 31 days.
1.041 1.079 1116 1.153
2.083 2.157 2.231 2.306
3.124 3.236 3.347 3.459
4.165 4.314 4.463 4.612
5.207 5.393 5.578 5.764
6.248 6.471 6.694 6.917
7.289 7.550 7.810 8.070
8.331 8.628 8.926 9.223
9.372 9. 707 10. 041 10.376

Nore.—For part of month multiply the value for 1 day by the number of days.
Table for converting discharge in second-feet into run-off in acre-feet.

Run-off (acre-feet).

Discharge ¢ )
(second-~

feet). 1day. | 28 days. | 29 days. | 30 days. | 31 days.
1.. 1.983 55. 54 57.52 59. 50 61.49
2 3.967 111.1 115.0 119.0 123.0
3 5.950 166.6 172.6 178.5 184.5
4 7.934 222.1 230.1 238.0 246.0
5 9.917 277.7 287.6 297.5 307.4
6 11.90 333.2 345.1 357.0 368.9
7. 13.88 388.8 402.6 416.5 430.4
8. 15.87 444.3 460.2 476.0 491,9
L S 17.85 499.8 517.7 535.5 553.4

Note.—For part of month multiply value for 1 day by the number of days.

Table for converting discharge in second-feet into run~off in millions of cubic feet.

Discharge Run-off (millions of cubic feet).
{second~
feet). 1day. | 28 days. | 29 days. | 30 days. | 31 days.

2.419 2. 2.592 2.678
4.838 5.012 5.184 - 5.356
7.257 7.518 7.776 8.034
9.676 10.02 10.37 10.71
12.10 12.53 12,96 13.39
14,51 15.04 15. 55 16.07
16.93 17.54 18.14 18.75
19.35 20.05 20.74 21.42
21.77 22.55 23.33 24.10

NoTE.—Tor part of month multiply the value for one day by the number of days.
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Table for converting discharge in second-feet into run-off in millions of gallons.

Run-off (millions of gallons).
Discharge ¢ gallons)
(second-
feet). | jday. | 28 days. | 29 days. | 30 days. | 31 days.
18.10 18.74 19.39 20.04
36.20 | 37.48 38.78 40.08
54.30 | 56.22 58.17 | 60.12
72.40 74,96 77.56 | 80.16
90.50 | 93.70 | 96.95 | 100.2
108.6 112.4 116.3 120.2
126.7 131,2 135.7 140.3
144.8 149.9 155.1 160.3
162.9 168.7 174.5 180. 4

NoTE.—For part of month multiply the value for one day by the number of ddys.

Table for converting velocity in feet per second into velocity in miles per hour.

[1foot per second=0.681818 mile per hour, or two-thirds mile per hour, very nearly; 1 mile per hour=1.46666
feet per second. In computing the table the values 0.68182 and 1.4667 were used.]

Miles per hour for tenths of foot per second.
Feet per second
(units). -
0 1 2 3 4 5 6 7 8 9

0.0681 0.136 | 0.205)| 0.273 | 0.341 | 0.400| 0.477 | 0.545 0.614

. 750 .818 L8361 .955 | 1.02 1.09 1.16 1.23 1.30
1.43 1.50 1.57 1.64 170 1.77 1.84 191 1,98
2.11 2.18 2.25 2.32 2.39 2.45 2,52 2.59 2.66
2.80 2.86 2.93 3.00 3.07 3.14 3.20 3.27 3.34
3.48 3.55 3.61 3.68 3.75 3.82 3.89 3.95 4.02
4.16 4.23 4.30 4.36 4.43 4,50 4.57 4,64 4.70
4.84 4.91 4,98 5.05 511 5.18 5.25 5.32 5.39
5.52 5.59 5.66 5.73 5.80 5.86 5.93 6.00 6.07
6.20 6.27 6.34 6.41 6.48 6.55 6.61 6.68 8.75

1 second-foot equals 40 California miner’s inches (law of March 23, 1901).

1 second-foot equals 38.4 Colorado miner’s inches.

1 second-foot equals 40 Arizona miner’s inches.

1 second-foot equals 7.48 United States gallons per second; equals 448.8 gallons per
minute; equals 646,317 gallons for one day.

1'second-foot for one year covers 1 square mile 1.131 feet or 13.572 inches deep.

1 second-foot for one year equals 31,536,000 cubic feet.

1 second-foot equals about 1 acre-inch per hour.

1 second-foot for one day equals 86,400 cubic feet.

1,000,000,000 (1 United States billion) cubic feet equals 11,570 second-feet for one
day.

1,000,000,000 cubic feet equals 414 second-feet for one 28-day month.

1,000,000,000 cubic feet equals 399 second-feet for one 29-day month.

1,000,000,000 cubic feet equals 386 second-feet for one 30-day month.

1,000,000,000 cubic feet equals 373 second-feet for one 31-day month.

100 California miner’s inches equals 18.7 United States gallons per second.

100 California miner’s inches for one day equals 4.96 acre-feet.

100 Colorado miner’s inches equals 2.60 second-feet.

100 Colorado miner’s inches equals 19.5 United States gallons per second.

100 Colorado miner’s inches for one day equals 5.17 acre-feet.

100 United States gallons per minute equals 0.223 second-foot.

100 United States gallons per minute for one day equals 0.442 acre-foot.

1,000,000 United States gallons per day equals 1.55 second-feet.
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1,000,000 United States gallons equals 3.07 acre-feet.
1,000,000 cubic feet equals 22.95 acre-feet.

1 acre-foot equals 325,850 gallons.

1 inch deep on 1 square mile equals 2,323,200 cubic feet.
1inch deep on 1 square mile equals 0.0737 second-foot per year.
1 foot equals 0.3048 meter.

1 mile equals 1.60935 kilometers.

1 mile equals 5,280 feet.

1 acre equals 0.4047 hectare.

1 acre equals 43,560 square feet.

1 acre equals 209 feet square, nearly.

1 square mile equals 2.59 square kilometers.

1 cubic foot equals 0.0283 cubic meter.

1 cubic foot of water weighs 62.5 pounds.

1 cubic meter per minute equals 0.5886 second-foot.

1 horsepower equals 550 foot-pounds per second.

1 horsepower equals 76.0 kilogram-meters per second.

1 horsepower equals 746 watts.

1 horsepower equals 1 second-foot falling 8.80 feet.

13 horsepower equals about 1 kilowatt.

To calculate water power quickly: Sec.-ft.,)(lfi.ll 0 feet=net horsepower on water

wheel realizing 80 per cent of theoretical power.

EXPLANATION OF DATA.

The data presented in this report cover the years beginning
October 1 and ending September 30, and not, as in previous reports,
the calendar years. At the first of January in most parts of the
country a large amount of precipitation for the preceding three
months is stored, either as ground water in the form of snow, or in
lakes. This stored water passes off in the streams during the spring
break-up. At the end of September the only stored water available
for run-off in the streams is possibly a small amount held in ground
storage. Therefore, the run-off for a year, beginning with October 1,
is practically all derived from precipitation occurring within that
year.

The use of this climatic year in studies of stream flow is applicable
only to work in the Temperate Zone, as south of about the twenty-
eighth parallel of latitude precipitation is greatest during the sum-
mer months. The effect of the rainy season in Mexico is shown in
the run-off data for all stations on the Rio Grande below El Paso, Tex.

For each regular current-meter gaging station the following data,
so far as available, are given: Description of the station, list of dis-
charge measurements, table of daily gage heights, table of daily dis-
charge, table of monthly and yearly discharge and run-off. For sta-
tions located at wéirs or dams the gage-height table is usually omitted

In addition to statements regarding the location and installation of
current-meter stations the descriptions give information in regard to
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any conditions that may affect the constancy of the relation of gage
height to discharge, covering such points as ice, logging, shifting chan-
nels, and backwater; also information regarding diversions which
decrease the total flow at the measuring section. Statements are also
made regarding the accuracy of the data. ‘

The table of daily gage heights records the daily fluctuations of the
surface of the river as found from the mean of the gage readings taken
each day, usually in the morning and in the evening. The gage
height given in the table represents the elevation of the surface of the
water above the zero of the gage. All gage heights affected by the
presence of ice in the streams or by backwater from obstructions are
published as recorded, with suitable footnotes. The rating table is
not applicable for such periods unless the proper corrections to the
gage heights are known and applied. Attention is called to the fact
that the zero of the gage is placed at an arbitrary datum and has no
relation to zero flow or the bottom of the river. In general the zero
18 located somewhat below the lowest known flow, so that readings
of negative values shall not occur.

The discharge measurements and gage heights are the base data
from which rating tables, daily discharge tables, and monthly dis-
charge tables are computed.

The rating tables gives, either directly or by interpolation, the dis-
charge in second-feet corresponding to every stage of the river recorded
during the period for which it is applicable. It is not published in
this report, but can be determined from the tables of daily gage heights
and daily discharge as follows:

First plot the discharge measurements for the current and earlier
years on cross-section paper, with gage heights in feet as ordinates
and dicharge in second-feet as abscissas. Then tabulate a number
of gage heights taken from the daily gage-height table for the com-
plete range of stage given and the corresponding discharges for the
days selected from the daily discharge table and plot the values on
cross-section paper. The last points plotted will define the rating
curve used and will lie among the plotted discharge measurements.
After drawing the rating curve a table can be developed by scaling
off the discharge in second-feet for each tenth foot of gage height.
These values should be so adjusted that the first difference shall
always be increasing or constant except for known backwater periods.

The table of daily discharge gives the discharge in second-feet
corresponding to the observed gage heights as determined from the
rating tables.

In the table of monthly discharge, the column headed ‘“ Maximum™
gives the mean flow, as determined from the rating table, for the day
when the mean gage height was highest. As the gage height is the
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mean for the day, it does not indicate correctly the stage when the
water surface was at crest helght and the correspondmg discharge
was consequently larger than given in the maximum column. Like-
wise in the column of “Minimum” the quantity given is the mean
flow for the day when the mean gage height was lowest. The column
headed ‘““Mean” is the average flow in cubic feet for each second dur-
ing the month. On this the computations for the remaining columns,
which are defined on page 12, are based. (

The field methods used in the collection of the data presented in
this series of reports are described in the introductory sections of
United States Geological Survey Water-Supply Papers 261 to 272,
inclusive, ‘“Surface water supply of the United States, 1909.”

Plate I shows typical gaging stations: Plate IT shows current
meters used in the work.

ACCURACY OF FIELD DATA AND COMPUTED RESULTS.

The accuracy of stream-flow data depends (1) on the permanence of
channel and of the relation between discharge and stage, and (2) on
the accuracy of observation of stage measurements of discharge, and
interpretation of data.

In order to give engineers and others information regarding the
probable accuracy of the computed results, footnotes are added to the
daily discharge tables, stating the probable accuracy of the rating
curves used, and an accuracy column is inserted in the monthly dis-
charge table. For the rating curves “well defined” indicates, in gen-
eral, that the rating is probably accurate within 5 per cent; ‘“‘fairly
well deﬁned,’ ’ within 10 per cent; “poorly defined” or ‘“approxi-
mate,” within 15 to 25 per cent. These notes are very general and
are based on the plotting of the individual measurements with refer-
ence to the mean rating curve.

The accuracy column in the monthly discharge table does not
apply to the maximum or minimum nor to any individual day, but to
the monthly mean. It is based on the accuracy of the rating, the
probable reliability of the observer, and knowledge of local conditions.
In this column A indicates that the mean monthly flow is probably
accurate within 5 per cent; B, within 10 per cent; C, within 15 per
cent; D, within 25 per cent. Special conditions are covered by foot-
notes.

In general the base data collected each year by the Survey engineers
are published not only to comply with the law but to afford any
engineer the means of examining and adjusting to his own needs the
results of the computations. The table of monthly discharge is so
arranged as to give only a general idea of the flow at the station and
should not be used for other than preliminary estimates. The deter-

41828°—wsP 358—15——2
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minations of daily discharge allow more detailed studies of the varia-
tion in flow by which the period of deficiency may be determined.

It should be borne in mind that the observations in each succeeding
year may be expected to throw new light on data already collected
and published.

GENERAL FEATURES OF THE RIO GRANDE DRAINAGE
BASIN.

LOCATION AND BOUNDARIES.

The area nominally belonging to the Rio Grande basin comprises
the San Luis Valley and the region westward to the Continental
Divide in Colorado, the greater part of New Mexico (except the
western fifth of the State, and an area in the northeast corner approxi-
mately 140 miles square), the western panhandle region in Texas,
and a comparatively narrow strip along the lower river; in Mexico
it comprises the greater part of the State of Chihuahua, large parts
of Coahuila and Nuevo Leon, and small parts of Durango and
Tamaulipas. (See Pl. IT1.)

In Colorado the boundaries of the basin are clearly marked by the
almost continuous ring of mountains separating it from the Arkansas
basin on the east and the Colorado basin on the north and west.

In New Mexico the boundaries are much less sharply defined,
especially on the western border which reaches the high plateaus or
mesas that characterize the greater part of the western section of
the State and that commonly are either without surface drainage
channels or form closed basins draining toward the center. In
general, however, the western boundary may be said to coincide with
the Cejita Blanca Range, Chacre Mesa, Zuni Mountains, and the
west end of the Datil and Black ranges. From the northeast corner
of Grant County the boundary line runs southwest to Bear Mountain,
whence it takes a southerly direction to the Mexican line. The east-
ern boundary in New Mexico is more clearly marked. As far south
as Las Vegas it consists of the extension of the Sangre de Cristo
‘Range; southeastward from Las Vegas it is well defined by the divides
between the lines of natural drainage, until it reaches the high plateau
region in Roosevelt County, where it again becomes indefinite, as
this region of high plains is devoid of surface drainage lines. Beyond
the region of high plateaus, which does not extend east of the one
hundred and second meridian, the boundary is fairly well defined to
the Gulf, lying parallel to the Pecos at a distance of about 50 miles to
the east, and below the mouth of the Pecos roughly parallehng the Rio
Grande at an average distance of 30 miles.

In Mexico the boundary of the nominal drainage area coincides
with the mountain ranges in the western part of the State of Chi-
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huahua. It turns eastward in the northern part of the State of
Durango and takes a generally easterly course to the Gulf at the
mouth of the Rio Grande. As in the United States, however, the
effective drainage area of the river is considerably reduced by the
large nonproducins areas.

TOPOGRAPHY.

The topographic features of the area drained by the Rio Grande
range in variety from mountain peaks 14,000 feet and more in eleva-
tion to the low plains bordering the Gulf. The most important area
as regards water supply is the mountainous part of the Colorado
section above San Luis Valley, where the Rio Grande and its tribu-
taries flow through narrow valleys whose sides extend up to the
crest of the Continental Divide. San Luis Valley is a high level
plateau at an elevation ranging from 7,500 to 8,000 feet.

The New Mexico section of the basin is a high plateau region
traversed from north to south by more or less parallel mountain
ranges that form long, narrow valleys, some of which are completely
inclosed. In this area elevations range from 13,000 feet in the moun-
tains near Santa Fe to less than 4,000 feet in the valleys of the Rio
Grande and Pecos.

Below El Paso, in thé trans-Pecos region of Texas, there is a
mountainous area that probably extends into the Mexican part of
the basin and that, in Texas, attains altitudes of 7,000 to 8,000 feet.
East and south of the trans-Pecos region the country gradually
becomes smoother, passing from the high-plateau region to the
Coastal Plain by crossing the fall line below the mouth of the Pecos.
The Coastal Plain is characberistica]ly a region of comparatively low
relief, but its surface is broken by occasional undulations and hills

of considerable height. .
CLOSED BASINS.

As the Rio Grande as far south as El Paso and beyond traverses
the high plateau or intermountain region, the drainage boundaries
include many areas from which neither the river nor its tributaries
receive any surface run-off.

SAN LUIS VALLEY.

The nonproducing area nearest the headwaters is found in San
Luis Valley, in Colorado, north of the Rio Grande. The drainage
from the entire northern portion of the valley flows into a group of
lakes, of which the San Luis is the largest. As these lakes have no
surface outlet, the water is lost by evaporation or possibly in part .
by seepage. ‘‘The old overflow drainage course to the Rio Grande
still exists, but it has been so blocked and concealed by incipient
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sand dunes as to be very difficult to trace, except in its general fea-
tures.”* The drainage area included in this nonproductive basin is
approximately 2,700 square miles.

BASINS BETWEEN RIO GRANDE VALLEY AND PECOS BASIN.

Beginning about 25 miles south of Santa Fe and extending as far
south as El Paso, there is a wide strip of country stretching from
within a few miles of the Rio Grande valley eastward to the Guadalupe,
Sacramento, and Jicarilla mountains and the Sierra Blanca. This
area is divided lengthwise by the Organ and San Andreas mountains,
the Sierra Oscura, and the Chupadera Mesa into two distinct basins,
each draining toward the center and having no outlet for surface
drainage. The western division comprises the Jornada del Muerto
(“journey of death,” so called by the earliest travelers from its desert
wastes), which is separated from the Rio Grande valley by the
mountain ranges paralleling it. Within this area, which is an almost
level plain, surface waters from the mountains drain toward the
center but sink into the porous soil before reaching very far out on
the plain. There are no cross-drainage channels.

The eastern division includes at the north Estancia Valley a closed
depression comprising an area of approximately 2,000 square miles,
without perennial streams except tiny ones in the mountains that
sink as soon as they reach the plain, and the Encino and Pinos Wells
basins, lying east of Estancia Valley. Owing to the relatively
elevated position of this area it is possible that some of the ground
water may find its way into the lower adjacent regions.? South of
Estancia Valley is the Tularosa Basin, 150 miles in maximum length,
60 miles in maximum width, and containing approximately 6,000
square miles.? Southeast of the Tularosa Basin, and separated from
it by the Hueco Mountains, is a large nonproducing area which
stretches to the Guadalupe Mountains on the east and nearly to the
Rio Grande in El Paso, Culberson, Jeff Davis, and northern Presidio
counties in Texas, and which is another practically closed basin,
draining toward a central area where the water is lost by absorption
and evaporation.*

The nonproducing area between the Rio Grande and Pecos valleys
above El Paso comprises approximately 13,000 square miles.

1 Siebenthal, C. E., Geology and water resources of the San Luis Valley, Colorado: U. S. Geol. Survey
‘Water-Supply Paper 240, p. 12, 1910.

2 Meinzer, O. E., Geology and water resources of Estancxa Valley, New Mexico: U. 8. Geol. Survey
‘Water-Supply Paper 275, 1911.

8 Meinzer, O. E., Geology and water resources of Tularosa Basin, New Mexico: U. 8. Geol. Survey
Water-Supply Paper 343, 1914.

4 Richardson, G. B., U. 8. Geol. Survey Geol. Atlas, EI Paso folio (No. 166).
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BASINS WEST OF RIO GRANDE.

Across the Rio Grande from the Jornada is another closed basin,
known as La Mesa, which extends from a point near Las Cruces
southward into Mexico, sloping gently to the south. West of La
Mesa is a closed basin several hundred square miles in area, which is
drained by Mimbres River, an interior stream. Thus, it may be
considered that the western boundary of the effective drainage area
follows the Mimbres Range and then turns eastward, reaching nearly
to the Rio Grande and paralling that stream within a few miles to
the Mexican line.

BASIN EAST OF PECOS RIVER IN NEW MEXICO.

The Rio Grande basin in southeastern New Mexico comprises a part
of the plateau area known as the High Plains and contributes no
surface drainage to the river, for the rainfall is quickly evaporated or
absorbed. The western edge of the High Plains area lies roughly
parallel to the Pecos at a distance of 15 to 20 miles. The strip of area
between the edge of the High Plains and the Pecos is almost devoid
of drainage channels extending to the river, as the streams quickly
lose themselves in the soil. Thus practically no surface run-off
reaches the Pecos from the area lying to the east in Chaves and Eddy
counties, N. Mex. Farther south, in Texas, the drainage lines are
somewhat better developed, insuring the entrance into the Pecos of
surface drainage from the eastern part of its basin.

BASINS IN MEXICO.

The region known as La Mesa in New Mexico extends southward
into Mexico and merges with other nonproducing areas, cutting down
the effective area from which surface run-off is secured to a compara-
tively narrow strip along the western side of the Rio Grande from
Juarez nearly to the mouth of the Rio Conchos. East of the com-
paratively narrow area drained by Rio Conchos there is a large bolson
or nonproducing area comprising many hundred square miles in the
southeastern part of Chihuahua, western part of Coahuila, and north-
ern part of Durango. These two regions comprise approximately
one-third of the nominal drainage area of the Rio Grande in Mexico.

PRECIPITATION.
PERIODS COVERED BY RECORDS.

Relatively so few rainfall records of any considerable length are
available for this section of the country that, in order to obtain a
uniform basis for determining the distribution of rainfall throughout
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the Rio Grande Basin, it was necessary to use the comparatively short
period of 10 years, from 1903 to 1912, inclusive, but even this period
was too long to include more than three or four stations in the Colo-
rado portion of the area, so it has not been possible to show graphically
the distribution in that section.

The part of the basin in New Mexico is fairly well covered with 36
10-year records and with sufficient records of greater length to
enable comparison between the 10-year mean and the station mean
for periods ranging from 30 to 54 years. The following table shows
this comparison:

Comparison between 10-year mean and station mean in New Mexico.

Station | 10-year | Discrep-

Station. ro c%fr 4. | mean. | mean. ancy.

Years. | Inches. | Inches. | Inches.
[ E0 (7 Y 54 14.7 13.4 -1.3
Fort Union..... e 47 18.5 18.4 - .1
Albuquerque. .. 30 7.5 8.3 + .8
Fort Wingate. .. 42 14.5 15.6 +1.1
San Marecial. .. .. 41 9.2 9.8 + .6
Fort Stanton. ... ....oooiiiiiii e 35 16.4 16.1 - .3
Fort Bayard..uu.coeueieneniaeiiiecnanaeracnannnes te.. 39 15.2 16.7 +1.5
Mesilla Park. ... .t eeean e 49 8.6 8.3 —.3

From this table it is seen that at no point does the mean for the
10-year period differ from the station mean for 30 years or more by
as much as 2 inches. A

The part of Texas drained by the Rio Grande is so sparcely settled
that it has been impossible to obtain records covering the 10-year
period from 1903 to 1912 at more than a dozen points within. or
bordering it. But as the distribution of rainfall is more uniform in
Texas than in the upper part of the Rio Grande basin, these records
are sufficient to show the distribution approximately. The following
table shows the comparison between the 10-year mean and the
station mean for the long-time records available:

Comparison between 10-year mean and station mean in Texas.

Length | Station | 10-year | Diserep-

Station. of record.| mean. mean. ancy.

880 e e amemeeeteeenaneeaerearetaasacasnennasesnenaaaneranen 9.1 9.4 +0.3
Fort Stockton. 30 15.2 13.7 —1.5
Eagle Pass... e 34 21.0 18.2 —2.8
Fort Clark...... aeee 33 22.4 20.5 -1.9
San Antonio. ... 39 28.0 24.5 —3.5
Fort McIntosh 37 19.8 20.2 + .4
Corpus Christi.. 25 25.7 24.3 —1.4
Brownsville. 40 26.9 25.4 -1.5
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From this table it appears that the precipitation in the 10-year
period ranged from 1.5 to 3.5 inches below the normal, except at
Fort McIntosh and El Paso, where it was slightly above.

DISTRIBUTION.

The records of precipitation in the Colorado part of the Rio Grande
basin are few and for the most part scattering, especially at the
higher altitudes. The longest record is that at San Luis (elevation
7,794) in the eastern part of the San Luis Valley, and this is con-
tinuous only since 1891. At Marshall Pass (elevation 10,856) there
is an 8-year record; at Cumbres (elevation 10,015), a 5-year record ;
at Hermit (elevation 9,843), a 3-year record ; and at Antelope Springs
(elevation 8,902), a 3-year record. The remaining records are either
at lower altitudes or are too meager to be of much value.

The existing data show the mean annual precipitation to be heaviest
on the Conejos Mountains on the western boundary. The annual
precipitation at Platoro (elevation 10,015) is upward of 22 inches,
and at Cumbres (elevation 10,800) observations in 1877 and 1878
showed a mean precipitation of 36 inches. In the upper part of the
basin, although the altitudes are nearly as great, the precipitation
is somewhat less, as shown by a mean of 16 inches for 2 years at
Hermit (elevation 9,843) and a mean of 16 inches for 8 years at
Marshall Pass (elevation 10,856). The greater precipitation in
the Conejos Mountains is probably due to the fact that to the west
there are no large mountain masses to induce precipitation before
reaching the Conejos Range, as in the case of the mountains bounding
the headwater streams.

The precipitation rapidly decreases with the altitude, falling from
the values just given to a mean ranging from 7 to 9 inches in the
San Luis Valley, where the elevation ranges between 7,500 and 8,000
feet. The influence of the Sangre de Cristo Range, located on the
eastern border of the area, in inducing rainfall, especially during the
prevailing periods of easterly winds, is seen by the increased pre-
cipitation as these mountains are approached. At Blanca (eleva-
tion 7,865) the mean for 3 years is nearly 10 inches, and at San Luis
(elevation 7,794) the mean for 22 years is 11.6 inches. Two years’
record at La Veta Pass (approximate elevation 9,500) gives a mean’
precipitation of about 20 inches.

- To show graphically the mean annual distribution of rainfall
throughout the New Mexico and Texas portions of the basin, lines
of equal rainfall for variations of 2 inches have been drawn on the
map (Pl IIT). Altitude has such a marked influence on precipi-
tation, especially in the upper parts of the basin, that it was neces-
sary to take this into account so far as possible in showing the approxi-
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mate position of these lines. In the eastern part of New Mexico
the relation between the two is fairly well defined and is shown on
the map. No attempt was made to show local areas of high pre-
cipitation due to detached mountain ranges as the data were too
meager. For the higher altitude in the mountains northeast of
Santa.Fe, use was made of records as short as five and six years.

The lines show the mean distribution of rainfall in New Mexico
for the 10-year period 1903-1912, which, as explained on page 22, will
probably not differ more than 2 inches for the mean variation for a
much longer period. The chief characteristics of the distribution
are the narrow belts of low precipitation following the Rio Grande
and Pecos Valleys and the two areas of high precipitation, one in the
mountainous region just north of Las Vegas, where means of 24
inches were obtained, and the other in the area of high altitude on
the western edge of the Pecos basin in Otero, Chaves, and Lincoln
Counties, where a mean of 23 inches was recorded. For the remain-
der of the State the precipitation (with the exception of the isolated
mountain ranges) ranges from 11 to 17 inches.

In Texas the lines of precipitation are not so well defined as in New
Mexico and are probably several inches lower than the mean for a
long-time period. It is seen that the precipitation increases fairly
uniformly from 9 inches near El Paso to 19 inches at the mouth of
the Pecos. From that point to the eastern edge of Starr County it
rapidly increases to 25 inches at the mouth.

RELATION BETWEEN PRECIPITATION AND RUN-OFF,

Comparison between precipitation and run-off for the various parts
of the United States has been made by Henry Gannett, of the United
States Geological Survey, who found that where the annual precipi-
tation is less than 20 inches no definite relation exists, as apparently -
the needs of vegetation require that much. With less than this
amount of precipitation the run-off will depend almost entirely on
the intensity of the rainfall rather than upon its total annual amount.
Short violent storms will cause a comparatively large percentage of
the precipitation to run off as surface water, whereas the same or
even a larger total precipitation occurring as gentle showers may
have practically no run-off, the water finding its way into under-
ground channels, evaporating, or being absorbed by vegetation. As
there are only a few points in the Rio Grande basin where the annual
rainfall exceeds 20 inches, it is seen that no definite relation exists
between precipitation and run-off. Any possible relation is still fur-
ther complicated by diversion of the waters for irrigation and by the
large nonproducing areas in the upper parts of the drainage area.



GENERAL FEATURES OF RIO GRANDE BASIN. 25
FORESTATION.!

By far the greater part of the forested areas in the Rio Grande
basin in Colorado, and to a somewhat less extent in New Mexico, are
included in the national forests. Data concerning forested areas in
Texas and Mexico are lacking, but in Texas, at least, these areas are
relatively unimportant.

The headwater area in Colorado containg three national forests,
Of these the Cochetopa lies in the basins of the Saguache and other
tributaries of the San Luis, whose waters do not reach the Rio Grande
at least as surface run-off, so that this forest may be disregarded in
considering the effective area with respect to the Rio Grande. The
San Isabel Forest may be disregarded for the same reason, as it
embraces the northern part of the Sangre de Cristo range, from which
no surface run-off reaches the Rio Grande. The Rio Grande Forest
includes practically all the mnountainous area in Colorado which con-
tributes surface run-off to the Rio Grande, except a relatively
small section in the southern part of the Sangre de Cristo range, from
which the surface run-off per square mile is considerably less than
from the other mountainous areas. The area of the Rio Grande
Forest is 1,858 square miles.

Owing to a number of causes, such as areas above timber line, open
parks and grassy plains within the timber, and areas burned over by
forest fires not more than 59 per cent, or 1,100 square miles, of the
area within the forest can be considered timbered. The various types
of timber with the relative area of each are given in the following

table: :
Relative types of forest cover in Rio Grande Forest.

Commercial: Per cent of area.
Engelmann Spruee. ....oou. oot 30
Douglas fir. o 3
Western yellow pine. ... . ... o i it 3

Noncommercial: Pifion, willow, etC.o...o.. oo o oo, 5

Temporary: Aspen, gradually being replaced with commercial types

by natural meams. . . ... iiiiaieceaiaaaans 18

Miscellaneous (not forested):

Burns (not restocking)...ccooviiiiii i 10
Parks and meadows above timber line...................ooan.. 5
Parks, meadows, etc., below timber line....................... 23
Barren (above timber line)....... ... ool 3

100

The diversity of the forest cover varies with species and types.
Tolerant species—those which endure much shade—will, of course,
cause much more shade and permit a more dense growth than an
intolerant species. The Engelmann spruce is very tolerant of shade,

1 Prepared from data furnished by the U. 8. Forest Service.
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and yellow pine is most intolerant. In a scale of 10 the following
table will probably illustrate very closely the density of the different
types of forest cover:
Density of forest cover in Rio Grande Forest.
Density (in a scale of 10).

Engelmann 8pruce. .. ..ot 7
Douglas fir. .o 5
Western yellow pine.......o.ooooiiiiiii i iiiiiiiiiiiiiiainan.. 3
o 110« T 3
Willows and aspen. .. .. ....ccoioieiiiiiii i 8

The foregoing tables indicate that the species having the greatest
density of growth—namely, Engelmann spruce, willows, and aspens—
cover nearly 1,000 square miles, and the species having a very much
lighter growth cover 110 square miles. About 758 square miles within
the forest lack forest cover.

In New Mexico the forested areas are found only in the mountain-
ous sections, as on the plains the rainfall is too small to permit timber
growth. In the area drained by the Rio Grande above El Paso the
forested area amounts to approximately 10,000 square miles, of which
7,000 square miles are included in the national forests. It is impos-
sible to give a close estimate of the amount of open land in the for-
ests, but it is probably between 25 and 35 per cent. Assuming 30
per cent as land not timbered, the effective area within the 10,000
square miles would be reduced to 7,000 square miles. In these forests
the denser species, such as spruce, willows, and aspens found in Col-
orado, comprise a very much smaller area of forest, and therefore
the forests in New Mexico are much more open than those in Col-
orado. The many streams which sink into the ground before reach-
ing the Rio Grande make it almost impossible to state with any
degree of accuracy the effective forest area covering drainage basins
whose waters actually reach the Rio Grande.

POPULATION.

The Rio Grande drains a section of the United States that is very
sparsely settled. The following table, compiled from the reports of
the Bureau of the Census, shows a population of the drainage by
counties for 1910, 1900, and 1890, and the population per square mile:
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Population in Rio Grande drainage basin.

Popu- Popu-
lation lation °
per . per
County. 1910 1900 1890 square County. 1910 1900 1890 square
mile, e,
1910. 1910.
COLORADO.
Hinsdale........ 646 | 1,609 862 0.7 - 5.8
Mineral..... 1,239 | 1,013 [........ 1.4 1.6
Saguache.. . 4,160 | 3,853 | 3,313 1.3 .3
Rio Grande. 6,563 | 4,080 [ 3,451 7.3 .5
Costilla.......... 5,408 | 4,632 | 3,491 3.1 1.3
Conejos........... 11,285 | 8,794 | 7,193 8.1 o 3
NEW MEXICO. :
Rio Arribaa... .. 16,624 | 13,777 | 11,534 2.8 .5
LT 12, 10,889 5.3 .7
San Miguele..... 22,930 ,063 | 24,204 4.8 1.4
Santa Fe........ 14,770 | 14,658 | 13,562 7.5 .9
Sandoval........} 8579 { ... ... 2.2 .5
McKinley a. 12,963 | feeoen... 2.4 2.8
Valenciae 13,320 | 13,895 | 13,876 2.4 1.0
Bernalillo. 23 28,630 | 20,913 19.4 2.6
Torrence 3.0 4.1
Guadalu 2.7 7.0
Roosevelt. 5.3 3.0
Chaves 1.8 4.9
Lincoln 1.6 6.0
Socorroe. L0 1.2
Sierra, 1.1
Luna....... 1.3
Dona Ana 3.4
Otero.. 1.1
Eddy....... 1.8

a Not wholly within Rip Grande drainage basin.

In the headwater region, where mining is the chief industry, the
population is about 1 per square mile and shows a decrease with the
decline of that industry. The agricultural region, comprising
Saguache, Rio Grande, Costilla, and Conejos counties, Colo., chiefly
in the San Luis Valley, showed a substantial increase from 1900 to
1910 and, as might be expected, has a considerable denser population.
The New Mexico part has shown a slow increase in population except
in the southeastern quarter of the State, where the increase has been
rapid, largely owing to the extension of irrigation, especially in
Chaves and Eddy counties. The most thickly settled section is the
north-central part of the State where irrigation has been carried on
extensively for many years. Here the density is 5.3 per square mile
for Taos, 7.5 for Santa Fe, 4.8 for San Miguel, and 19.4 for Bernalillo.
The other sections where the density is from 1 to 3 per square mileare
chiefly given over to stock raising, although in the valleys along the
Rio Grande itself there are many thousand acres of irrigated land.

The most sparsely settled section of the entire drainage area is the
trans-Pecos region of Texas and the counties bordering it on the east.
Here the average density of population is less than 1.0 per square mile.
Leaving the high plateau region and coming to the coastal plain the’
density increases from 2.6 per square mile in Kinney County to 4.1 in



28 WATER RESOURCES OF RIO GRANDE BASIN, 1888-1913,

Mayverick, 7.0 in Webb—falls off to 3.0 in Zapata, increases to 4.9
in Starr and 6.0 in Hidalgo eounties. In general, the rate of increase
has been greater in Texas than in either New Mexico or Colorado.

THE RIVER.!
GENERAL FEATURES.

The Rio Grande rises near the crest of the Continental Divide on the
eastern slope of the San Juan Mountains in Colorado, at an elevation
of approximately 12,500 feet above sea level, takes a general south-
easterly course, and discharges into the Gulf of Mexico, a few miles
east of Brownsville, Tex. From its source the river follows an
easterly course through a narrow canyon-like valley nearly to Del
Norte, where the steep sides of the valley recede to inclose the large,
level .park-like region known as the San Luis Valley, which extends
for a distance of 150 miles north to south with maximum width of 50
miles, and through which the river flows for the most part between
low banks. From Del Norte the general course of the Rio Grande
is southeastward to Garland Junction, where it becomes southward.

Four miles above the Colorado-New Mexico line, at the lower end
of San Luis Valley, the river enters a canyon locally known as the
Rio Grande Canyon, which continues to the head of Espanola Valley
near Embudo. This canyon increases in depth from 100 feet at the
State line to 700 feet near the mouth of Rio Hondo and appears from
above as a gash in an otherwise level mesa. The fall of the river
through the canyon is about 30 feet per mile. For a large part of its
remaining course the stream passes through a suecession of valleys
or erosion basins which are separated by rock canyons and are limited
in form and size by the character of the material in which they were
excavated.

From the lower end of the Rio Grande Canyon the river flows
through Espanola Valley (which is 3 to 4 miles wide and extends to
a point near San Ildefonso) and enters White Rock Canyon, a narrow
gorge, about 20 miles long and in places 500 feet deep, which owes
its existence to sheets of hard igneous rock that protect the under-
lying sands and gravels. The fall in this canyon is about 10 feet per
mile.

At a point ahnost directly west of Santa Fe, the river enters Santo
Domingo Valley, through which it flows to the upper end of San
Felipe Canyon, 7 miles south of the Indian pueblo of Santo Domingo.
This valley is 1 to 3 miles wide and contains about 13,000 acres of
bottom land that has been irrigated for many years. The greater
part of this land lies only a few feet above the bed of the river and is
subject to frequent overflow. '

1 The description of the part of the drainage basin in New Mexieo is taken largely from Lee, W. T., Water
resources of the Rio Grande Valley in New Mexico: U. 8. Geological Survey Water-Supply Paper 188,1907,
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Passing through San Felipe Canyon, which is a short gorge, the
river enters Albuquerque Valley, through which it flows for a distance
of about 35 miles until it reaches Isleta Narrows. Albuquerque
Valley ranges in width from 1 to 5 miles and comprises approxi-
mately 70,000 acres of bottom land. It is bounded on both sides by
steep bluffs of sand and gravel.

The narrowing at Isleta Narrows is caused by the presence of the
hard igneous rock of an extinct volcanic cone west of Isleta. Below
the narrows the river flows for 45 miles through Belen Valley, which
extends to San Acacia and contains approximately 65,000 acres of
bottom land.

From Belen Valley the river passes through San Acacia Gorge—a
short, narrow gorge, 250 feet deep, cut through an arm of the lava
sheet which crosses the river course—and enters Socorro Valley,
which extends southward to San Marcial, a distance of 40 miles and
comprises about 60,000 acres of bottom land.

Beginning a short distance below San Marcial is a narrow valley,
about 40 miles long, which is cut in detritus and which differs from
the others in being very narrow and having no bottom lands. This
valley is the site of the Engle reservoir under construction by the
United States Reclamation Service. A few miles north of Elephant
Butte the river enters a narrow rock canyon which extends to the
end of the Caballos Mountains and in which, opposite Elephant Butte,
is the Engle dam site.

Below Elephant Butte Canyon the Rio Grande flows through Las
Palomas Valley to Rincon, a distance of 50 miles. The bottom lands
in this valley include approximately 26,000 acres. From Las Palomas
Valley the river enters Selden Canyon, which is 18 miles long but is
not so uniformly narrow as the previous canyons, containing about
8,000 aeres of bottom land.

Emerging from Selden Canyon at old Fort Selden, the river enters
Mesilla Valley, the largest of the erosion basins of the Rio Grande,
extending southward 50 miles to The Pass. The valley has a maxi-
mum width of 8 miles and contains approximately 150,000 acres of
bottom land. It is cut in unconsolidated sand and gravel, its floor
being 300 feet lower than the mesa level.

Below Mesilla Valley, just above El Paso, the river flows through
a narrow gorge about 90 feet deep, cut in a low ledge of hard rock.

From El Paso to its mouth the river forms the boundary between
the United States and Mexico. For a distance of 100 miles below El
Paso it flows in a broad lowland known as El Paso Valley, 250 feet
below the general upland level. This plain becomes gradually nar-
rower, until it terminates at a point 100 miles southeast of El Paso
and the river cuts through a narrow gorge, 5 miles long, formed by
the southeastern extension of the Quitman Mountains.
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Below the canyon is another broad valley, 16 miles long, which
terminates a few miles above the mouth of Glenn Creek. For the
next 60 miles the river flows through a mountainous region where the
valley is narrow and in many places gorgelike. Near Ruidoso the
mountains recede, leaving a broad valley with comparatively gentle
side slopes. This characteristic of the topography continues for the
next 60 miles (measured in a straight line) until at a point about 20
miles below Presidio the river again enters a canyon. Thence to the
fall line, near Del Rio, the river flows through a succession of canyons
and narrow valleys, with an occasional area in which the mountains
are sufficiently far apart to include valleys of considerable area.

From Del Rio to the mouth the river flows through the coastal
plain region, which is characterized by comparatively low topographic
relief, and a few miles east of Brownsville, Tex., it dlscharges into the

Gulf of México.
TRIBUTARIES.

Above San Luis Valley the tributaries of the Rio Grande are
perennial mountain streams, the most important (named in descend-
ing order) being Pole, Lost Trail, Glear, Crooked, Calma, Willow, and
Hot Spring creeks and the South Fork. Little water is diverted from
the Rio Grande and its tributaries before it enters the valley, so the
flow at that point represents the natural run-off from approximately
1,200 square miles of mountain area ranging from 8,000 to 14,000 feet
in altitude.

Through San Luis Valley the Rio Grande received no perennial
tributaries from the north and east as the run-off from the Saguache
and tributaries which drain the northern part of the valley is lost by
seepage and evaporation before reaching the river. The Trinchera
and the Culebra, which enter from the east, together with the Costilla,
which enters from the west just south of the Colorado-New Mexico
line, are important tributaries during the spring run-off and after
heavy rains but are dry during portions of the year. From the west
are received the waters of Wolf, Los Pinos, and San Francisco creeks
in the vicinity of Del Norte, and Rio Alamosa, La Jara Creek and
Conejos River, none of which, although perennial streams, represents
the natural run-off from its drainage area on account of the many
irrigation diversions and the possible seepage losses in crossing the
valley.

Between the State line and the mouth of Chama River the only
perennial tributaries of importance are Rio Colorado, Rio Hondo,
Embudo Creek, and Rio Taos. Chama River, which enters the Rio
Grande at Chamita, is one of the most important tributaries of the
upper river. From Chamita to Albuquerque the only noteworthy
tributaries are Santa Cruz, Santa Clara, San Ildefonso, and Jemez
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rivers. As the Santa Cruz and San Ildefonso have their source in the
Sangre de Cristo Mountains they are probably perennial streams,
although confirmatory records are lacking. - The Jemez, which enters
a short distance above Bernalillo, carries but little water to the
Rio Grande except during the spring floods.

The effect that underground sources have upon the flow of the
river is shown by the various seepage measurements made.
(See p. 679.)

From Albuquerque.to El Paso the Rio Grande has no important
perennial tributaries. Thé largest flood stream is Rio Puérco, which
drains a large area but is dry at its mouth the greater part of the year.
There are many smaller flood-water tributaries, such as the Alamosa,
Cuchillo, Negra, Palomaso, Seco, Las Animas, and Percha, all entering
from the west. The drainage from the east with the exception of a
very small part, is cut off by the interior basin known as the Jornada
del Muerto (see p. 20). Throughout New Mexico, and, to a less
extent, the trans-Pecos region of Texas, the tributary run-off comes
chiefly in the form of flood flow following torrential rains. Note-
worthy perennial tributaries are also lacking in the Texas part of the
drainage basin between El Paso and the Pecos, which enters the Rio
Grande about 40 miles northwest of Del Rio. Devils River, which is
also a perennial stream enters a short distance above Del Rio. Below
Devils River the basin is so narrow that tributaries are unimportant.

Little information is available regarding the Mexican part of the
drainage area beyond the fact that the only noteworthy tributaries
are Rio Conchos, which enters nearly opposite Presidio, and Rio Salado
and Rio San Juan, which enter below Laredo.

GAGING STATION RECORDS.

RIO GRANDE AT THIRTYMILE BRIDGE, NEAR CREEDE, COLO.

Location.—In sec. 13, T. 40 N, R. 4 W,, in the Rio Grande National Forest, about
30 miles southwest of Creede, a short distance above mouth of Squaw Creek.
Records available.—June 18, 1909, to September 30, 1913.
Drainage area.—163 square miles (measured from topographic sheets).
Gage.—Chain gage, 200 feet upstream from Thirtymile Bridge, washed out October 5,
1911. The flood of this date changed the mouth of Squaw Creek, making it enter
above the gaging station. For that reason when the records were resumed April
.8, 1912, a vertical staff gage was established a quarter of a mile above the old site
and above the new mouth of Squaw Creek. The relation between the gages was
not determined.
Channel.—Apparently permanent at new site.
Discharge measurements.—Made from car and cable, except during low stages,
when they are made by wading.
Winter flow.—Ice causes backwater during the winter months and records are
discontinued.
Diversions.—So far as known no water is diverted above the station, and therefore
- the records represent the natural run-off,
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Storage.—A short distance above the station the San Luis Valley irrigation district
is constructing a reservoir of 43,000 acre-feet capacity which, when completed,
will materially modify the flow of the river. During the low %ater of 1912 the
operation of the reservoir gates controlled the flow somewhat, and during 1913 the
flow was almost wholly controlled.

Accuracy.—QOwing to the high altitude at this point it is possible that at certain
seasons of the year the alternate melting and freezing may cause considerable
diurnal fluctuation. For this reason the mean daily gage height taken from
morning and evening readings may not represent accurately the true mean for
the day. With this exception, conditions are favorable for accurate results and
the records as a whole are considered good.!

Cooperation.—Station maintained in cooperation with Mr. J. C. Ulrich, of the San
Luis Valley irrigation district, by whom the field data were furnished.

Discharge measurements of Rio Grande at Thirtymile Bridge, near Creede, Colo., in 1909-
1918.

Gage Dis- Gage | Dis-
Date. Hydrographer. height. | charge. Date. Hydrographer, height.| éharge.
1909. Feet. | Sec.ft. Feet. | Sec.-ft.
June 19 | Freeman and Pennock.| 5.90 1,440 B. 8. Clayton.......... 5.68 981
O. P. Pennock. 5. 50 1,220 0. P. Pennock. 5.88 1,120
5.30 | 1,050 do 6.18| 1,260
5.05 910 .do.. 6.45 | 1,480
4.90 880 do.... 7.14 1,880
4.78 806 B. 8. Clayton. 4.62 551
July 4.75 840 o 4.49 507
4.12 494 || Aug. 9b| Wimmer and French...] 3.32 182
3.70 366
3.48 315 1912
June 2 | Follansbee and Sievers.| 6.75 1,630
3.20 241 C. H. Sievers........... 7.30 | 2,470
3.45 303 d, 5.65 916
4.12 5.10 604
3.38 5.85 990
Aug 8o 3.00 5.90 | 1,010
2.90 4.78 448
3.12 5.00 596
5.23 628
1910. 5.45 827
June 21 | Pennock and Evans....| 4.20 4.40 282
O. P. Pennock.... 3.98 3.10 24
3.70 3.72 103
2.90 3.60 80
2. 80 3.50 67
2.75
2.70
2. 60 2.75 3.70
2.70 2.86 7.21
2.47 2.96 10.4
2.39 3.20 27.7
2.25 3.35 42.0
2.21 3.80 96.1
2.17 6.00 1,200
2.17 - 4.29 262
2.17 4.85 420
2.17 4.49 349
2.18 4.80 489
2.28 4.90 539
-2.22 5.07 654
2.33 5.32 828
5.21 751
4.41 309
3.26 4.9 541
3.38 4.82 511
4.16 4.71 443
4.47 4.85 534
4.81 4,92 586
4,68 5.13 712
4.54 5.20 759
5.35 4.71 432
5.19 T 4.85 517
..... 5.49 47 434

e Measurement not satisfactor
& Poor measurement.

y, meter not working well.

1 During 1912-13 the natural storage afforded by the reservoir largely eliminated the diurnal flyctuations.
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Daily gage height, in feet, of Rio Grande at Thirtymile Bridge, near Creede, Colo., for 1909~
1913—Continued.
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Daily discharge, in second-feet, of Rio Grande at Thirtymile Bridge, near Creede, Colo., for

1909-1913.

Day. June, | July. | Aug. | Sept. Day. June. | July. | Aug. | Sept.
291 149 76
267 126 65
256 112 99
245 149 87
245 213 70
223 149 60
213 126 60
203 119 56
183 119 56
165 119 51
165 126 51
157 126 56
165 105 81
157 105 70
157 93 70
149 87 70
149 87 60
141 81 65
141 81 81
133 81 87
126 81 81
126 6 87
126 81 76
119 81 65
112 70 60
1056 65 60
105 60
133 60 56
105 65 56
223 60 51
234 1 I, .

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June.| July. | Aug. |Sept.

1910-11. -

1,190 | 1,260 | 287 | 113
1,350 | 1, 951 | 13
1,560 | '930 | 228 105
1,620 | s8s0| 217 98
1,620 880 206| 92
1880 | 70| 18| 8
1950 | 678 175 86
1700 64| 206] 86
1,700 | 587 | 185| 8L
1,560 570 | 165| 86
1,360 | 1,210 | 165 | 155
1,300 | 980 | 155 | 121
1,240 | 830 | 165[ 121
1,300 717] 195 113
1iso| 63| 165| 98

1,180 | 623| 155| 92
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Daily discharge, in second-feet, of Rio Grande at Thirtymile Bridge, near Creede, Colo.,
Jor 1909-1913—Continued.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. |Sept.

865 500 152

478 432 122

980 388 115

575 | 345 115

478 325 111

525 290 105

650 262 105

625 240 101

600 225 111

625 210 115

600 195 135

575 195 128

525 180 115

525 388 105

525 308) 95

525 240 92

478 308 88

455 290 88

525 255 86

478 210 80

432 80 77

432 25 72

600 25 70

478 25 77

525 25 80

478 65 77

478 128 80

432 478 72

700 410 72

700 290 70

575 225 feeeuna

3 500 314 107

3 556 420 107

3 610 445 103

3 610 500 99

3 610 500 120

3 640 345 158

3 555 292 175

3 528 280 175

3 555 284 175

3 610 284 175

4 610 284 175

4 610 280 178

4 610 276 178

4 528 292 178

4 528 304 178

4 555 318 160

4 605 300 131

4 700 296 118

4 700 292 118

4 610 276 118

4 640 246 103

4 610 257 92

4 473 249 92

4 445 239 92

4 473 235 92

4 445 201 92

4 370 133 92

4 336 94 92
4 318 90

4 272 90 92

4 ... 1281....... 272 99 |......

Nore.—Discharge determined from well-defined rating curve, except June 9-24, 1911, when the indirect
method for shifting chanmnels was used. Discharge interpolated June 22 and 23, 1909, and Nov. 2 and 3,
1912. Discharge estimated Mar, 1-10, 1913,
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Monthly discharge of Rio Grande at Thirtymile Bridge, near Creede, Colo., for 1909-1918."

Discharge in second-feet. Run-off oo
Month. - (total in

: acre-feet) racy.
Maximum.| Minimum. | Mean. .

28,900 | A.
27,300 | A.
15,200 | A.
. A.
99, 200 '
10,400 | A.
10,600 | A.
6,210 | A.
4,010 | A-
31, 200

3,840 | A.
2,470 | B.
4270 | A.
39,800 | A.
78,600 | A.
44,100 | A.
11,400 | A.
7,620 | A.
4,220

3,560

47,000

2
g
Sasdads

=
FrEP Oy

RIO GRANDE NEAR CREEDE, COLO.

Location.—In the Rio Grande National Forest, at highway bridge about sec. 8, T.
41 N, R. 1 E,, one-quarter mile from Wason siding, and 3 miles east of Creede.
Nearest tributary, Willow or Goblin Creek, enters a short distance upstream.

Records available.—April 24, 1907, to September 30, 1913,

Drainage area.—705 square miles.

Gage.—An automatic recording gage, referred to the same datum as the chain gage
used previously.

Channel.—Practically permanent.

Discharge measurements.—Made from bridge.

Winter flow.—River frozen over during winter months; ice causes backwater at
gage and discharge measurements are made to determine the winter flow.

Diversions.—There are no court decrees for diversions from the Rio Grande above
this station, but for diversions of 39 second-feet from tributaries. There are no
regervoirs on the river between this station and the one at Thirtymile Bridge, but
a large one is being built on Clear Creek which enters between.

Accuracy.—Records good.

-
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.Cooperation.-——Since 1911 this station has been maintained in cooperation with the
United States Forest Service and the State engineer. The records for 1912 and
1913 were furnished complete by the State engineer.

Discharge measurements of Rio Grande near Creede, Colo., tn 1907-1913.

Gage | Dis-

Gage | Dis- Date. Hydrographer height. | charge.

Date. Hydrographer. height. | charge.

Feet, | Sec~fi. 1911. Feet, | Sec.ft.
R. I. Meeker 1.45 759 || Jan. 19 | G, H. Russell......_... 0. 44 170
Turner and Clayton. ... 156
B. S& Clayton._......... 219

May 24
June 26

Aug. 2

13 | Christianson and Grieve Sept. 22
Sept. 1| I. G. Ferguson......... .55 277

23 |...-. do........... 50
Oct. 10| E. O. Christianson..... .30 210
20 | Christianson and Hez-
malhaleh........._... .60 290
Dec. 10| G. H. Russell......._.. .31 180

Note.—The following measurements were made with ice present: Dee. 10, 1909; Jan. 25, Feb. 21, 1910,
Jan. 19, Feb. 25, Dec. 20, 1911; Jan. 19, Feb. 24, 1912; Jan. 24, and Feb. 7,1913.

Darly gage height, in feet, of Rio Grande near Creede, Colo., for 1907-1913.

Day. Apr. | May. | June.| July. | Aug. | Sept. Day. Apr. | May. | June.| July. | Aug. | Sept.

1907
1.. 1.58 2.22 | 1.98 1.90 1.88 [ 1.20
2 1.55 2.20 | 1.95 2.45 L72{ L22
3 1.58 2.151 1.85 .| 2.50 1.58 | 1.22
4 1.60 2.081 1.75 2.88 1.60 | 1.20
5.. 1.55 2,12 | 1.40 3.45 1.58 | 1.18
6.. 1.50 1981 1.42 .| 3.90 3.00 | 1.48 | L.15
7 1.45 2.02 | 135 .13.95 3.02 | 1.48 | 1.10
8 1.40 1.90 | 1.32 4.20 2.8 | 1.42 | 1.00
9 1.40 1.82 | 1.32 3.90 2.68 | 1.40 | 1.05
10 .1 1.50 1.75| 1.35 3.25 2.72 | 1.42 .95
11.. 1.85 1.70 | 1.28 3.00 3.00 | 1.48 .92
12 2.15 2.05 | 1.28 2,98 2.8811.38| 1.00
13 2.05 2.38 | 1.25 2.85 2.65 | 1.38 .98
14 1.75 2.15 | 1.22 2.70 2.58 | 1.50 .92
L1 TN P 1.75 1.95 | 1.22 2.68 2.40 | 2.28 .92
...... 2.30 [ 2,15 [......
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Daily discharge, in second-feet, of Rio Grande near Greede, Colo., for 1907-1913.

Day. Apr. | May.| June.| July.| Aug. | Sept. Day. Apr. [May. | June.| July. | Aug. | Sept.
4,700| 3,340 1,060, 575

4,900( 3,120 931 587

4,710/ 2,900! 826/ 587

4,360 2,680, 840 575

3,770| 2,460/ 826| 564

3,420, 2,240| 756 548

3,470| 2,260 756 520

3,520 2,000 714 465

3,570| 1,860| 700] 492

3,630] 1,900{ 714 440

4,130 2,240] 756] 425

4,820] 2,090 687] 465

4,860 1,820 687 455

5,130| 1,750f 770; 425

5,180| 1,560] 1,430 425

ceee..| 1,450 1,300|......

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
175 205 840 | 2,000 | 1,450 | 1,080 520
175 2401 1,080 | 2,060 | 1,450 | 1,560 520
175 240 | 1,080 | 2,180 | 1,350 | 1,080 415
161 240 | 1,080 | 2,060 | 1,350 995 365
161 240| 955 2,000 1,210 840| 390
161 260 955 | 2,240 | 1,160 805 365
170 280 915 [ 1,940 | 1,160 770 342
170 240 995 | 1,560 995 735 320
170 280 | 1,080 | 2,240 915 878 300
170 300 955 | 3,280 955 805 320
175 365 840 | 3,420 | 1,080 735 320
175 390 770 | 3,020 995 668 320
175 415 770 | 3,020 955 605 320
175 520 700 | 3,020 915 668 300
175 575 700 | 2,950 915 668 300
175 635 995 | 3,020 915 635 280
175 840 | 1,160 { 3,020 840 280
175 | 8781 1,660 | 2,480 { 85| 1,210 | 300
175 | 915 2,060 [ 1,820 | 735 | 1,040 260
175 | 878 2,240 (1,880 | 700| '955| 260
190 | 735 1,660 2,120 ( 635 80| 2n0

....... 840 | 520 |......
1,610 | 1,880 | 555 | 678
2,240 | 1,770 | 678 | 678
3,770 [ 1,820 0 615| 775
5200 1,720 | 615| 882
6,090 | 2,180 | 615 | 2,060
6,250 | 1,940 | 615 | 3,490
4970 | 1,610 | 585 | 3,080
4,970 | 1,350 | 555 | 3,150
4,740 | 1,200 | 555 | 3,150
£430|1,120| 6782

4,280 | 1,040 | 615 | 1,940
4230 | '882| 615 | 1,770
4280 | 882| 615 | 1,400
3,560 | 775 585 | 1,400
3081 742 61511210
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Daily discharge, in second-feet, of Rio Grande near Creede, Colo., for 1907-1913—Contd.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.

4,20 | 678 | 645 1,080
3,910 | 615| 585 | 1,000
4,060 | 615| 585 | 'ss2
3,840 | 615| 615 810
3770| 615| 678 810
3 70| 740
1 615 | 678
878 | 678
678 | 678
815 | 615
555 | 555
555 | 498
742 | 498
742 | 498
742 | 408
878 |..- .-

4,360 748| d45] 240
20| 75| 395 210
3020 | 65| 370 20
3,020 58| 330| 210
3,150 | 585 420! 240
2,880 | 585| 58

2,550 | 525 | 420 | 240
2300 | 525| 400| 240
2,420 | 470 370 260
2,000 | 448 | 348 | 260
2,120 | 448 | 370| 260
1,610 | 448 | 395| 260
1,660 | 420| 348

1720 | 420| 3481 240
60| 30| 325| 240

650 | 420 | 2,060 1,450 | 348! s25{ 210
650 | 4452180 | 1,300| 370| 280{ 240
618 | 470 | 2060] 1,210 370 | 280| 260
618 | 585 | 2,180 | 1, 305 280| 240
618 | 780 | 2,060 | 1,160 | 370 240 a8

650 | 915|2,180 [1,080| 348| 280 | 240
650 | 880 | 2,240 {1,120 | 325| 260 | 240
618 [ 1,080 | 2,150 [ 955 325 240 240
682 | 1,120 | 1,770 | o915 | 302 240
682 | 1,260 | 1,

160 1,840 | 3,840 | 1,480 | 760 | 303
145 348 | 1,790 | 3,700 | 1,430 | 728 392
132 | 325 1,700 | 3,340 | 2,070 | 728 | 392
120 | 325 (1,430 | 3,270 | 2,740 465
1201 305 | 1,380 | 3010 2370 | 6951 440
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Daily discharge, in second-feet, of Rio Grande near Creede, Colo., for 1907-1915—Contd.

Day. Oct. | Nov. | Dee. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
1910-11.

16 132 34811,380103,000| 212! 78| 515

145 415 | 1,520 | 3,010 | 1,580 695 440

132| 370!1,790 2,880 | 1,630 | 695 | 392

132 415 | 2,070 | 2,940 | 1,520 662 392

145 490 | 1,790 | 3,140 [ 1,520 | 630 | 440

175 | 542 1,740 | 2,880 | 1,520 | 630 | 392

192 | 600 | 1,740 | 3,070 | 1,480 | 1,050 | 370

160 630 ] 2,070 ] 2,680 | 1,480 | 975 | 440

160 | 6002430 2500|1,480| 80! 415

192 | 600 ( 2,500 | 2,240 | 1,480 [ 760 | 392

175 695 | 2,620 1 2,070 | 1,480 695 490

160 865 | 2,180 | 2,010 | 1,480 695 570

192 900 | 2,180 2,120 | 1,480 695 515

228 975 1 2,240 { 2,070 1 1,380 630 515

265 975 | 2,310 | 2,370 | 1,290 570 900

3 |oaenn-- 2,620 [....... 1,200 | 542 ......

105 | 435 1,230 4,130 [ 1,300 | 655 | 320
260 | 50| 950 (381012301 620( 340
210| 485| 990 (3,650 )|1,130 [ 90| 340
140| 410]1,330 {3,125 | 1,130 | 620 360
140| 320|1,380 2,675 | 1130 ] 655 | 360
140 | 280 1,180 | 2)600 | 1,130 | 795 | 360
150 | 300| ‘910 | 2,825 [ 1,130 | 950 | 320
150 | 320 1,130 | 2,975 [ 1,080 | 87| 320
150 | 340 | 1,690 | 2)675 [ 1035 | 830 300
160 | 280 (2,530 2,115 ‘950 | 910 20
160 | 260 | 3,275 | 1, 990 | 760 | 280
165| 2253575 | 2,115 1,080 | 760 | 280
165 | 195|3,970 | 2,460 | 950 | 90| 280
165 | 180 | 4,050 | 2,530 | 1,085 | 535
165 | 2403890 | 2,750 [ 1,230 | 485 | 240
165 | 385 | 4,130 2,750 | 1,280 | 460 | 240
65| 510 | 4,532 2,675 | 1,180 | 435 | 240
165 | 410 {4,532 [2,5%0 [ 1,180 | 435 [ 240
165 | 410 | 4,370 | 2,300 | 1,280 | 435 | 240
140 | 435 | 4,615 2,300 | 1,180 | 460 | 240
1 655 | 4,950 | 2,600 | 1,330 | 460 | 225
150 | 870 | 5,120 | 2,675 [ 1,530 | 435 | 225

Bl.icceiiii. IO -7 T SN IO MR IS T, RN R 1,380 | 435 ......

1912-13.
E DOUNS, 240 | 240 |oooeiiieiinns|eeiiedeene. 660 | 5201, 910 | 660 | 342

L)

2

&

g€ B83EE
=3
g
g
1)

,380( 910 625| 410
222 | 625 | 1,245 990 | 500| 410
130 80| 1,155| 950| 590 | 490
00| 870 |1,200| 950 590 52
115 | 835 1,560 | 1,110 | 590 | 460
122] 990 1,380 | 950 590 410
162 1,155 | 1,245 | 910| 590| 410
22211335 | 1,200 | 910 | 500 | 410
388 | 1,770 | 1,200 | 870 590 | 388
3651 1,335 | 1,200 | 910 | &90] 365
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Daily discharge, in second-feet, of Rio Grande near Creede,

45

Colo., for 1907-1913—Contd.

Day. Oct. | Nov. | Dec. | Jah. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. |Sept.

1912-13,
1,470 | 1,200 950 590 342
1,380 | 1,290 | 950 | 590 | 320
1,380 [ 1,470 | 1,110 | 590 [ 300
1,380 | 1,660 | 1,155 [ 590 | 280
1,245 | 1,515 | 1,110 | 590 [ 240
1,200 | 1,380 | 1,110 | 555 [ 240
1,245 | 1,245 1 1,110 | 590 | 240
1,515 | 1,200 { 1,110 | 555 | 240
1,950 | 1,110 { 1,030 | 520 | 240
1,335 910 950 520 240
1,800 | 660| 850 | 520 240
2,370 590 870 435 240
2,250 660 835 342 260
2,250 870] 765| 365| 280
2,310 870 765 365 300
1,425 |....... 695 365 [...uee

Nore.—Discharge determined from 3 well-defined rating curves which only varied slightly from yea.f

to_year.

ischarge interpolated or estimated for days for which gage heights are missing.
Discharges for 1912-13 furnished by the State engineer.

Monthly discharge of Rio Grande near Creede, Colo., for 1907-1913.

Discharge in second-feet.
. Run-off |, ...,
Month. (total in racy
Maximum. | Minimum.| Mean, | 8cre-feet). ’
855 735 810 11,200 | A.
3,840 700 1,660 102,000 | A.
5,180 1,880 3,800 226,000 | A.
5,690 1,450 3,460 213,000 | A.
ZUSE. e e eieern i nercmeraaeaaanaanann 1,530 687 1,020 62,700 | A.
SePLeMDEr. ..« eeecicienncenreranacanraeenaannaas 1,150 425 629 37,400 | A.
The period ...ccceeeenenes [T FUPURTURURIN (RSP R 652,000
1907-8.
October ..oviveeennnnne eeeeeaerncensassenenmnananns 415 288 "337 20,700 | A.
November....... heeeenan 300 205 236 14,000 | A.
Decomber 1-15_ . .. cuee i iicie e aaas 280 212 239 7,110 | A.
BICN. et 202 161 179 11,000 | B.
7 o 915 205 483 28,700 | A.
My . et eemaana 2,240 700 1,190 73,200 | A.
June... e 3,420 1,560 2,310 137,000 | A.
JULY. . oo e 1,450 575 904 ,600 | A.
AUgUSt. .ot i 1,560 520 795 48,900 | A,
September.....ovumuiverianieninnnnnn.- ceseerrmanaas 520 240 313 18,600 | A.
1908-9.
OCEODEL . . i veeeereececcononnenneerancensnneneennns 260 190 226 13,900 | A.
November. .. 205 163 9,700 | B.
April.... 506 30,100 | A.
ay... 2,180 134,000 | A.
June. 3,680 219,000 | B.
July. .. 1,140 70,100 | A.
August.... 630 38,700 | A.
September....... 1,280 76,200 | A.
[0 c170) T ceeeeananas 435 26,700 | A.
November. 283 16,800 | A.
January..... 180 11,100 | D.
February. ... a150 8,330 | D.
March. ... 483 29,700 | A.
pril... 901 ,600 | A.
May... 2,320 143,000 | A,
June... 1,800 107,000 | A.
July..... 436 26,800 | A.
August. . 324 19,900 | A.
September..coiueeir e i e cieeieeaaaaa 238 14,200 | A.

o Discharge based on two measurements made during the winter months.
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Monithly discharge of Rio Grande near Creede, Colo., for 1907-1913—Continued.

Discharge in nd-feet.
scharge in second-fee Run-off .
Month. (totalin | v
Y.
Maximum. | Minimum. | Mean, | acre-feet).
1909-10.
(070174 o P 231 14,200 | A.
NOVEMDbOT. . e e e 198 11,800 | A.
December. ... ...ooooiiii a 152 9,350 | B.
J:5 310 ) DI . a 150 9,220 | C.
73] 30 PN a 145 8,050 | B.
March. ..o 155 9,530 | A.
April.. 488 29,000 | A.
ay.. 1,790 110,000 | A.
June.. 3,060 182,000 | A.
July.. 1, 860 114,000 | A.
August ... 774 47,600 | A.
September.. 474 28,200 | A.
The year 790 573,000
[0 717 o RN 1,300 79,900 | A.
November.. b 414 24,600 | C
December. . b 232 14,300
January. . b 181 11,100
February. v 163 9,
March.. 164 10,100
April..... 340 20,
May...... 2,450 151,000
June..._.. 3,270 195, 000
July...... 1,370 84,500
August..... [i} 42,100
September. 310 18,500
The year ©o907 661,000
1912-13.
435 240 290 17,800
240 130 153 9,080
660 100 328 19,517
2,370 342 1,250 76, 860
1,660 590 1,218 72,476
1,155 695 964 59,274
800 342 565 34,740
520 240 333 19, 815

a Discharge based on two measurements made in January and February, 1911.
b Discharge based on three measurements made in December, 1911, and January and February, 1912.

RIO GRANDE NEAR DEL NORTE, COLO.

Location.—At highway bridge, about sec. 29, T. 40 N., R. 5 E., 6 miles west of Del
Norte, a short distance below the mouth of Wolf Creek.

Records available.—April 16, 1908, to September 30, 1913. From July 1, 1889,
to November 30, 1906, a station was maintained about 4 miles below the present
station and just above Los Pinos Creek. The flow at the two points is not directly
comparable, as a number of small streams contribute water during certain seasons,
and a small amount of water is diverted for irrigation.

Drainage area.—Approximately 1,400 square miles.

Gage.—Automatic recording gage, the property of the State engineer, installed
November 8, 1910. This gage is referred to the same datum as was the chain gage
installed May 16, 1908. The gage datum used at the original station remained
unchanged.

Channel.—Shifting from year to year.

Discharge measurements.—Made from bridge at present station and from car and
cable at original site.
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Winter flow.—River is frozen over during the winter months, and measurements are
made to determine the approximate discharge.

Diversions.—There are court decrees for diversions of 101 second-feet from the Rio
Grande between the Creedeand Del Norte stations, and for diversions of 162 second-
feet from intervening tributaries.

Cooperation.—Station maintained since 1910 in cooperation with the State engineer,
who furnished complete the records for 1912 and 1913.

Discharge measurements of Rio Grande near Del Norte, Colo., in 1889-1913.

Gage Dis- Gage | Dis-
Date. Hydrographer. height. | charge. || D&t Hydrographer. height. [charge
1889. Sec.-fe. 1898. Feet. | Sec.-ft.
June 25 2,130 {| Apr. 14 | P. E. Harroun........| 3.27( 1,970
25 |, 1,870 ay 28 |..... {5 L T, 3.23 1,
July 17|... 685 || June 23 |..... A0nneeeenannns 5.25| 5,180
Aug. 30 372 || Aug. 25 {..... [ Ly S 1.86
Oct. 11 227 |f Oct. 28 |..... L T 1.48 244
1890. 1899,
Mar. 11 540 || Apr. 25| A. L. Fellows.......... 2,42 1,000
25 434 ay. 24 | ... L 2. 1,480
28 455 June 29 |_._.. [ 2.10 4
Apr. 1 482 Il Aug. 21 |._... 5 . TN 1 387
3 393
5 503 1900
16 1,370 || Mar. 30 | A. L. Fellows.......... 1.54 346
17 1,180 | May 12 |_.... [ R, 3.8 2,440
18 1,200 || June 16 |._... A0uecimaecnianancs 3.66 | 2,380
21 1,250 || Aug. 18 |..... 5 7« . 134 221
22 1,060
23 974 1901.
26 909 || Sept. 10 | A. L. Fellows..... veeel L7 470
28 910
May 8 3,590 || 1902
12 3,240 || Apr. 24 | A. L. Fellows..... ceeedl 190 493
27 6,050 || July 8| J.E. Field....... R 131 210
31 5,010
June 5 3,680 ||  1903.
7 3,460 || Apr. 18 569
10 2730 || May 20 2,150
71 4,230 || June 11 5,200
23 3,420 || July 2 3,200
26 3, 31 699
July 1 2,120 || Sept. 14 592
3 1,960 || Oct. 12 385
21 1,230 || Nov. 9 269
24 1,070
26 932 1904.
29 769 ﬁpr. 1 209
ay 5 584
1891, June 20 687
Apr. 10} T.M.Bannon.......... 2.20 527 25 1. 618
July 14 259
1802, 1 245
Oct. 27| T.M.-Bannon.......... 1.58 274 30 |.. 420
Aug. 22 |.. 585
1894, U | 558
June 13+ F. H. Newell........... 2.68 968 23 |.. 488
Sept. 27| A.P.Davis....c.ccu.-. 1.52 267 23 598
Juns i4 | F. Cogswell a00| 28| A1
une - Cogswell............ 2 )y Apr. 20 638
Oct.13..].....d0. - eeeiiiiines 1.80 a4 || 7 9e it 3,430
July 25 |.. 744
1.90 492 Sept. 18 280
1.70 385
2.30 706 Aé?-%'z
1.8 445 29 1,470
T 13 770
. 1 une ’
igg ;;’313 Oct. 25 741
5.45| 4,900
3.30 1,770 1908.
2.00 640 || May 16| W 2.27| 1,370
1.55 373 || June 115 470 | 4,710
2.66 ! 1,110l May 16 2321 1,

a Measurements made at iron bridge, millrace, and canal and total taken as discharge of river.
b Measurements made at old station discontinued in 1906.
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Discharge measurements of Rio Grande near Del Norte, Colo., in 1589-1913—Continued.

Gage Dis- Gage | Dis-
Date. Hydrograp};}er. height. | charge. Date. Hydrographer. height. | charge.
1908. Feet. | Sec. fi. 1911. Feet. | Sec. ft.
June 11 ] J. B. Stewart.......... 3.75 | 3,910 || Jan. 20¢| G. H. Russell ......... 1.98 287
July 13 ..... [s [ 1.95 1,320 || Feb. 26a| Claytonand Turner.... .68 246
Nov. 17 | W. B. Freeman........ .60 163 || Mar. 29 | B.S. Clayton.......... 1.04 431
d 2851 1,960
May 17 |..... [ o, 3.58 3,730 ) ’
June 21 |11 1do. 11T a.27 [ 4060 || Sept- 10 ) O B Turzer. .. AR
Aug. 4 |"GJH. Russell. -] 110000 1.60 840 || Ot - B Llayion. e . ?
Oct. 1]..... L. 1.40 752 1912
Jan. 12a 400
Feb. 250 265
60 314 || APr 3 2
2.65 291 4| 3o 15 2,420
2 283 || e 6 6,200
1.28 618 ‘Aug. 22 ’ 887
1.66 896 g
1.60 018 Sept. 14 459
2.79 2,410 Nov. 15 206
1.87| 17080 | 1013,
1.41 736 || Jan. 25a 165
1.18 551 || Feb. 8a|. 156
0 1.15 532 || May 24 2,963
Sept. 7 |I. G. Ferguson......... .80 320 || June 21 2,284
QOct. 18 | Christianson and Hez- 1.14 492 || July 24 1,156
malhalch. Aug. 27 648
Dec. 11 | G. H. Russell.......... .78 296 || Sept. 23 523

a Ice present.

Daily gage height, in feet, of Rio Grande near Del Norte, Colo., for 1889-1906, 1908-1913.

Day. July. | Sept. Day. July. | Sept. Day. July. | Sept.
1.24 0.90 1.52 1.50
1.33 .90 1.50 1.26
1.49 .90 1.38 1.23
1.55 .90 1.34 1.15
1.53 .90 2.20 1.15
157 || 160 aaeccamena.s .90 3.00 1.15
1.28 .90 2.75 1.16
1.28 .90 3.00 1.35
1.29 .90 1.50 1.15
1.49 .90 1.00 1.15

Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
1.751 1.90| 1.8 2.65| 2.55| 2.14| 4.00|....... 4.20) 2.85| 2.10
1.80 | 1.89| 1.95| 2.62] 2.77| 2.06| 4.36| 6.15| 4.10}| 2.90| 2.10
1.8 1.8 1.97 ] 2.63| 2.35) 2.00( 461 6.06| 4.00; 2.70( 2.10
1.80 | 1.80| 2.00| 2.63| 2.05| 2.07| 4.69| 547 3.95} 2.65| 2.10
1.80 | 1.80| 1.80( 2.73| 1.95| 2.20| 4.78| 5.29| 400 2.55| 2.10
1.80 | 1.75| 1.80| 2.721 1.87( 2.24| 4.90 | 5.20| 400} 2.45| 2.05
1.80 | 1.70{ 1.93| 2.76 | 1.92| 2.27| 4.96 | 497 | 4.00| 2.35| 2.05
1.8 1.77 1.95| 2.80| 1.83 ) 2.31| 502 505 400 230 2.05
1.79| 1.75| 2.00| 2.85| 2.00| 2.37| 5.05| 5.13| 4.00| 2.25| 2,05
1.80| 1.60| 2.10| 2.85| 2.00| 2.42| 501 | 524 400 2.15| 2.00
1.80 | 1.60| 2.00| 2.85( 2.24| 2.47| 4.94| 5.32| 4.05} 2.10| 2.00
1.80 | 1.50| 2.05| 2.70 | 2.20| 2.57| 4.87| 5.38| 3.90{ 2.30| 1.95
1.80 | 1.50) 2.05| 2.70 2.20| 2.68| 4.94( 552 3.85( 2.45( 1.95
1.80 | 1.42{ 2.05| 2.65) 2.20| 2.78| 4.85| 5.43| 3.75| 2.351 1.90
1.80| 1.40| 2.35| 2.65| 2.20| 3.05| 5.10) 5.35| 3.70| 2.35| 1.90
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RIO GRANDE., 51

Daily gage height, in feet, of Rio Grande near Del Norte, Colo., for 18891906, 1908-1918—

Continued.
Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
1893-94.

............... L6 [cewecefoeece] 295 |iiaiiienanae] 325 3.3 |ieeeiiifaeeaad| 195 0.....
.7 (RN PR 2.1 2.8 |o...... 3.0 b2 N PR F 1.95 | 1.65(....... L5
28, i )3 2 N N 3.0 |eceece]eaanaat 3.4 j....... cee-eeaf L8 l..l. .
! SN M, 2,05 2.75 ... ii]enunens 2.0 |o.oo... ce-e-of 185 L6 |....... 1.7
30 ) O T PN 3.0 [coeofieannns 3.05 B O L8 |ec....
E) SOOI AR o] 2T Jeeeiieaeiaas X 1570 PRI IR, I L6 ... ceeean

1894-95.

............... 1075 (cecnannfoneenaa) 2224 0Ll 2,18 3,98 .lieal 2.72......
. ceeee--| L6 1.44 .. ... 2,58 2,70 [coeiiifonennnn 3.7 2.72....... 2.06
F 1.85 [reeeeai]omannn 282 oeeei e 2.26 | 3.26|....... ceeeeea| 2,64 | ...
[ S IO 1.6 1.46 |....... 2.64 | 2.62 |.......|ee.m..s 3.6 2.64 ....... 1.96
[ 1.8 |ocucaii]econnae] 2,48 |coiiiifeaan... 2,341 3.32 | ciiideannans 2.46 |......
[ SN N 1.6 .52 |....... 2.60 | 2.54 |..oiiifeeennnn 410 2,50 (....... 1.04
F et L8 |oooeiifeaanans %37 2 IR R 2.28 | 3.38 |.ccecii]enaanan 2.42 |......
- R RN 1.6 1.58 |ooo...s 2.58 1 2.48 | cooii]ennnnnn 4.46| 2.56 |....... 1.86
| S 175 |eeeeeei]oennaes 2 1 R I 274 31| 2.40 |._....
L1 TR RN 1.6 1.60 |....... 2.60 | 2.832|.cccini]ennnnns 4.52| 2.8 {....... 1.78
b s BN L7 |eecamac]oaennnn 2.38 leieiideanan 3.32] 418 ... ). 2.28 [..... .
| 7S IS . .58 ..., 2,64 212 (... oeeo... 4,681 3.12(....... 1.82
| & S 1.66 | ... lo... 2.44 |t 372 424 ... |l 2.18 |......
) ¥ SN SN 1.55 | 1.54 |....... 2,64 1.98|.....ccilenenn.s 4.18 | 3.04|....... 1.74
) 1 T, 1.6 | feeeaeat P (R 3.54 1 416 ... fieeo... 2.40 |......
L R RPN 1.5 1.58 |....... 2,66 2.06 |.cocune]enaennn 3.96 | 2.88(....... 1.72
L ) O T N A 262 |...o.ofennn..s 3.82 4.02 [L.oooiifonae... 2.24 {......
) - R PO 1.5 1.62 |....... 2.74 | 196 ... eeoll. 384 2,60 |....... 1.70
19 oo 1.65 |ooeinieaaat 268 [eeieeennns 4.26 | 3.88 {eeeeeii|onannn- 2.10 |......
4 RN PR 1.45| 1.68|.......] 2270 | 1.88 |cceeooifeennann 3.64 1 2.42|....... 1.78
b S, L7 |eeciieaeaees 2.46 | feeeo.| 420 3076 |eeeienan... 2.04 |......
7 N NP .45 172 |....... 2.86 | 1.82|.......feao.-. 3.20 | 2.56 |....... 1.96
b2 T 1.65 |ceoioiionnnn- 2.42 ool feenn... 3.82| 3.64 |.......|...... 2.48 |eaoeen
b7 R 1.5 L76 |eoo.... 2.82 | LT74 | .aii]eeannen 3.00| 2.60|....... 1.92
b R L65 | feaenns 2.38 |eeeai e 4.14 | 3.50 |eeooiifeaenn.. 2.22 |-.....
26, IR 1.45| 1.80|....... 278 L92 | .iiifeennn.- 2.98| 2.64 |....... 1.88
by ) UL I PN R 2.40 |ouoeii]ennnn.. 4.22 | 3.58 |ceeiii]ennnenn 2.04 |......
P2 TR PO 1.4 2,02 |.e.nn.. 2.74 | 2,18 ...ifeennn.. 3.02| 2.58.......|] 1.8
- . ) LT R I 2,46 |ooiifeenan.. 4.18| 3.52 |ieneoii]eanad] 2.16 foo....
) I I 1.4 218 o, 2.22 |eeeeei] e 2,94 | 2.66|....... 1.78
23 L6 |ooooifoaainas 2% 28 IR RN I, 3.36 |eecnc]inannan 218 |......

1895-96.
R e 1.74| 1.76 | 3.12| 2.96| 3.12| 2.08| 4.18| 3.62| 1.74| 1.56 | 1.60
EIIZIZIZZIIZZZZ "i"éb' L7072 56 | Tar24 | Tai027| sl isT| 2i1d| Tlse | TeIas | 170 | 1o 150
BT T ee | T2l50 | e8| 2008 | e 10| 2| Tk | Ti0e | ey T1i5a | 15
[ JUR. N RN PO IR RPN IO SR SRR I AU SR PO
g ................... o 1.68| 2.54| 3.16| 2.8 | 3.14 | 3.08| 4.30| 2.88| 1.62| 1.52| 1.48

............... 1. e e [ ! ) O
[ R eeat...| 1,647 2.68| 3.20) 2.8 3.10| 3.20| 3.96| 2.72| 1.68| 1.48| 1.50
100l 31 2 RPN PPN FUUURINDE MDD ORI FOUIPOIS ISP PRI EPR AU N .
%é ................. i 1.60 | 2.94| 3.22| 2.90| 3.04| 3.02| 3.66| 2.52) 1.64| 1.46| 1.74
ﬁ,IZZIZZZIIIIIZIZ "i:éb' T1ied’| 2096 | T3t08'| 2078|8167 2:987| Tars2| alsd’| TL72 | iad| ileR
T INNNNURN R I 66| 298| 3.127| 2:727| "8i02| 304 | Tar2a’| 2.207| ii70°|T1427| 1058
16, . il j /- 10 PR RN FRPUN RN PR FORPUI RO AN MU AR FP,
lg ................. i 1.64 | 2.76| 3.18 | 2.78| 2.84| 2.94| 3.06| 2.12 | 1.92| 1.42| 1.50
8l B £ 2 PR PRI PRI PO AR Ry R PR PR PP RO
1< R 1.68| 2.70| 3.26 | 3.20| 2.76 | 2.76 | 3.22 | 2.10| 2.22 | 1.44| 1.52
200 i ) V7 70 PR (NN SRR RPN IR I PRI FPY FOU RO R, .
21 el 1.60 | 2.82 | 3.22| 3.24| 2.54| 2.78| 3.54| 1.98| 1.92| 1.42| 2.00

............... ) - . 2 PR RN (RPN (RPN PPN NP PPN MR U PRI SO,
gi} ................... & 1.68| 2.96| 3.16( 3.18| 2.50 | 3.04 | 3.80| 1.92| 1.80| 1.46 | 2.28

............... ) - 2 RN R PR (R PR PR IR AR MR P R,
2 U R 1.60 | 2.88 | 3.12( 3.24 | 2.68| 3.90| 4.00 | 1.86 | 1.78 | 1.44| 3.16
26 el VR 128 U N MO AR IS IR R U AU RN SR
§§178 1.62 | 3.02| 3.06 | 3.20 | 2.54| 4.22| 4.08| 1.82| 1.70| 1.40| 2.68
L "i"%" 7166|208 [ Ta-00 | Tar14 | 2052|404 | Tar02[ 178 | ised’| il 2018
30ne i Bl ( 5 (RN PR e e o i P
oo Los04h 20880l 2.50 ....... 3.94 ... .58 ' 1.621'.....
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WATER RESOURCES OF RIO GRANDE BASIN, 1888-1913.

Daily gage height, in feet, of Rio Grande near Del Norte, Colo., for 1889-1906, 1908-1918—

Continued.
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RIO GRANDE, 53

Daily gage height, in feet, of Rio Grande near Del Norte, Colo., for 18891906, 1908-1918—
Continued.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | Juhe. | July. | Aug. | Sept.
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54 WATER RESOURCES OF RIO GRANDE BASIN, 1888-1913.

Daily gage height, in feet, of Rio Grande near Del Norte, Colo., for 1889-1906, 1908~1918—
Continued.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. |Sept.

1.60 [ 1.
166 [ 1.60 [cocoeee]oenmamn]ennmeea]oemni] e e
1.66 | 1. . 3 .
D 1 R O e e P P
1.66 | 1. 1.60 | 2.86| 2.34| 1.24| L06{ 1.24
O O O e P P
1.66 | 1.60 | 1.74( 2.94| 230 | 1.22| 1.08| 1..20
1.66 [ 1,60 ..o oo oo eeaas
1,62 L34 200 2.86 | 2.24| 1.26; 1.08| 1.14
R T L e e L
1.621 1.3¢( 1.94| 274 | 2.10( 122{ 108! 1.12
N - 2 S O s [N P
162 1.3¢| L8| 2.72| 2.14| 1.20| 114 110
B R T T O e o
1.621 1.3¢| 1.84| 270 L9e0| L1l6| 1.12| 110
B TR O o e e
1.70 | 1.40( 182 2.64( 178 110 108 110
B L J
1.70 | 1.40] 2.04| 2,40} 1.66| 1.20| 1.04| 112
R T O e ] P caneen
1.70( t.40| 2461 2,16 | 1L.50} 1.20| 1.00| 1.40
R T R T e e e
1.68| 1261 2.34| 204 1.50 | 1.16 | 1.06( 1.52
B T o
1.681 1,261 1.86( 2.00( 142! 1.12} 1.96| 1.52
B . O e ) M
168 1.26 | 242} 2.06| L34 L14| L70| 1.54
1.68 1 1.26 [..o. . leeao e oo e
%322 2.46 | 2.64 | 1.30 | 1L14]| 1.48| 1.50
1.36 ]....... 2.84 |....... L10 | 140 |......

15eeerennnnecnans
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d

Continue

RIO GRANDE.

wght, in feet, of Rio Grande near Del Norte, Colo., for 1889-1906, 1908~1913—
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WATER RESOURCES OF RIO GRANDE BASIN, 1888-1913.
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Continued.

Daily gage hetght, in feet, of Rio Grande, near Del Norte, Colo., for 1889-1906, 1908-1913
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RIO GRANDE.

, Colo., for 1889~1906, 1908~1913—

Jeet, of Rio Grande near Del Norte
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60 WATER RESOURCES OF RIO GRANDE BASIN, 18881913,

Daily discharge, in second-feet, of Rio Grande near Del Norte, Colo., for 1889-1906,

1908-1913.

Day. Oct. | Nov. | Dec, | Jan. | Feb. | Mar, | Apr. | May. | June. | July. | Aug. |Sept.
1,99 |....... 2,260 | 895 | 450
2,490 | 5,560 | 2,120 930 450
2,860 | 5,360 | 1,990 | 796 [ 450
2,980 | 4,300 | 1,920 [ 764 | 450
3,130 [ 3,970 | 1,990 | 700 | 450
3

,320 [ 3,820 | 1,990 [ 640 | 427
4
,

4,950 | 2, 795 | 475 | 326
1080 ... 860 0 1......
3,240 | 2,920 | 3,560 | 1,460 | 384
3,480 | 2,550 | 3,240 | 1,320 | 364
3,650 | 2,400 | 3,000 | 1,150 | 364
3,900 | 2,260 | 2,780 | 1,040 | 364
4,350 | 2, 2,550 6 | 364
4,800 (2,100 | 2,480 | 820! 345
5,650 | 2,400 | 2,400 | 764 | 364
5,560 | 2,850 | 2,260 | 796 | 404
5,460 | 3,480 | 2,120 | 796 | 404
5,120 | 4,080 | 1,990 | 764 | 385
4,710 | 4,710 | 1,740 | 732 | 364
4170 | 5,270 | 1,560 | 640 | 345
3,650 | 5,560 | 1,460 | 670 | 326
3,400 | 4,980 | 1,410 | 640 | 326
3,220 | 4,800 | 1,740 | 610 | 308
2,850 | 3,990 | 1,460 | 554 | 308
20550 | 3,820 | 1,280 | 454 | 290
2,330 | 3,820 | 1,150 | 527 | 308
2,190 | 4,620 | 1,040 | 527 | 326
2,120 | 4,710 | 1,070 | 527 | 345
2,060 | 4,950 | 1,000 | 500 | 345
20550 | 5,180 | 1,000 | 500 | 364
2,20 | 5,270 475 | 500
2,120 | 5460 | 930 | 450 | 896
1,990 | 5,180 | 896 | 427 | 1,07
1,860 | 5,080 | 862 | 404 | 1,230
2,190 [ 5,080 | 862 384 (1,110
2,260 | 4,800 | 896 | 404 |1,
2,400 | 4,530 | 1,000 | 404 | 1,040
2,780 | 4,260 | 1,990 | 404 | 1,190
3,000 |.t... 1,800 | 404 |......
2,260 | 2,260 | 1,070 | 610 | 308
2,060 | 2,060 | 1,000 | 582 | 290
1,090 | 2,260 | 965 | 582 | 200
1,02 | 2480 | 896 | 554 | 200
Breeenreinernnnn 1,80 | 2,400 | 796 | 5271 200



RIO GRANDE. 61

Daily discharge, in second-feet, of Rio Grande near Del Norte, Colo., for 1889-1906,
1908-1918—Continued.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
1891-92,

1,800 | 2,400 | 640§ 527 [ 200

1,800 | 2,620 670 500 274

1,740 | 3,160 764 475 274

1,560 | 3,080 | 1,000 | 554 | 274

1,510 | 2,700 527 | 258

1,620 2,120 | 732| 500 | 258

1,920 | 2,060 | 701 [ 500 | 258

2,060 | 1,990 701 475 258

2,120 | 2,120 670 450 258

2,120 1 2,260 | 640 | 447 | 258

2,120 | 2,060 | 610 | 404 | 258

2,060 | 2,190 | 610 | 404 | 258

2,190 | 2,120 670 404 258

2,400 | 2,260 | 582 | 404 [ 258

3,080 [ 2,400 | 82| 384 | 258

3,160 [ 2,550 | 554 | 384 | 243

3,400 | 2,330 610 384 243

3,900 | 2,120 582 364 243

4,710 | 2,060 640 364 243

4,530 | 1,990 700 364 243

4,350 [ 1,860 | 732 | 364 | 243

3,820 | 1,740 764 345 243

3,560 | 1,510 930 326 243

3,400 [ 1,320 | 862 | 326| 243

3,160 | 1,150 732 326 243

2,550 |.evu...| 670 | 308 |......

862 | 2,550 640 404 326

829 | 2,700 554 450 345

796 2,700 527 450 345

764 | 2,850 475 404 326

732 | 2,550 450 326 290

[ . 243 475 732 | 2,260 450 326 290

T 243 450 796 | 2,260 427 308 290

- 243 427 796 | 2,700 404 326 274

R 243 427 862 | 2,700 404 326 258

100eeiicenanon. 243 427 896 { 2,700 364 308 258

] . 243 450 | 1,000 | 2,550 384 290 258

12, .l 243 427 1,280 { 2,400 | 427 290 | 243

13, 258 404 | 1,740 | 2,260 500 274 243

4. .. 258 384 | 1,860 | 1,860 450 274 228

16 258 364 | 1,920 | 1,740 404 290 228

1,620 364 308 228

1,510 ) 345 | 308) 258

1,410 326 308 290

364 326 274

308 326 274

308 345 258

290 345 258

290 326 258

326 308 243

345 290 258

364 274 258

364 258 274

364 326 290

326 326 308

326 308 290

326 |......

365 328 365

365 340 378

365 328 390

365 315 378

365 315 365

365 315 365

. 365 304 365

. 365 292 390

. 365 304 415

100ceciceennnn.. 233 0 (AR N Y cvesenelecesse] 5901 2,600 ] 1,3 365 315 442




62 WATER RESOURCES OF RIO GRANDE BASIN, 1888-1913.

Daily discharge, in second-feet, of Rio Grande near Del Norte, Colo., for 1889-1906,
1908-1918—Continued.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. |Sept.
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Daily discharge, in second-feet, of Rio Grande near Del Norte, Colo., for 1889-1906,
1908-1913—Continued.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. |Sept.

1897-98,

1 .




64

WATER RESOURCES OF RIO GRANDE BASIN, 1888-1913.

Daily discharge, in second-feet, of Rio Grande near Del Norte, Colo., for 1889-1906,
1908-1918—Continued.

Day.

Oct.

Nov.

Dec.

Jan.

Feb.

Mar,

Apr.

June.

Juiy.

Aug.

Sept.

1897-98.




RIO GRANDE. 65

Daily dwcharge, in second-feet, of Rio Grande near Del Norte, Colo., for 1889-1906,

‘ 1908-1913—Continued.

Day. | Oct. | Nov. | Dec. | Jan. | Feb, | Mar. | Apr. | May. | June. | July. | Ang. | Sept.

1899-1900.

205 1,020 | 73| 34| 10| 60| 265
265 L. cerzzee|eeansss
184 |95 | G| 5 136777790754
SO Ot NP NS -7 1 < I B e IR TP N B Y M1

“41823°_wse 358—15——5
|




66 WATER RESOURCES OF RIO GRANDE BASIN, 1888—1913.

Daily discharge, in second-feet, of Rio Grande nmear Del Norte, Colo., for 1889-1906,
1908-1913—Continued.

Day. Oct. | Nov. | Dec, | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. |Sept.




RIO GRANDE. 67

|
i

Daily discharge, in secondfeet, of Rio Grande near Del Norte, Colo., for 1889-1906,
| 1908-1913—Continued.

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept.
2,400 | 6,600 | 2,390 905 380
2,520 | 8,270 | 2,180 860 380
1,710 | 9,230 | 1,980 860 380
1,410 | 9,760 | 1,780 780 410
1,320 (10,000 | 1,540 820 410
1,140 | 7,790 | 1,320 860 440
1,220 | 8,030 | 1,260 860 410
1,410 | 8,630 | 1,200 820 380
1,920 | 8,510 | 1,150 740
1,760 | 8,270 | 1,100 630 410
1,320 | 7,550 | 1,050 700 380
1,410 | 7,330 950 740 355
1,610 | 6,890 950 630 330
1,610 | 6,890 905 595 330
2,280 | 6,780 905 530
2,890 | 6,560 780 500 310
3,870 | 5,810 820 470
4,170 | 5,400 820 440 290
4,990 | 5,010 860 410 290
5,190 | 4,820 860 410 290
4,810 | 4,630 905 380 290
5,410 | 3,930 950 355 290
6,450 | 3,760 860 355 290
5,890 | 3,600 780 290
7,460 | 3,360 700 440 330

3,200 665 410 380
2,740 630-| 410 355
3,440 700 380 330
3,040 780 410 310
2,820 | 1,100 440 | 1,230

1,270 | 3,940 | 2,860 | 1,200 | 565
1,200 | 4,420 | 2,720 | 1,120 | 565
1,120 | 4,260 | 2,580 | 1,070 | 565
1,720 | 3,780 | 2,440 | 1,020 [ 548
2,310 | 4,420 [ 2,310 | 999 | 530
2,580 | 5,690 | 2,180 | 978 | 472
2,860 | 5,870 | 2,050 | 909 | 415
3,320 | 5,170 | 1,860 | 840 | 415
3,780 | 5,600 | 1,670 { 798 | 415
3,980 | 6,500 | 1,860 | 755 | 402
4,180 { 7,040 | 2,050 | 735 | 390
3,660 | 7,400 | 1,920 | 715 | 402
3,150 | 7,670 | 1,800 | 735 415
2,970 | 7,310 | 2,020 | 755 | 545
2,790 | 7,040 | 2,240} 715| 675
3,600 | 7,040 | 1,920 675 | 715
4,420 { 6,860 | 1,610 | 675 | 755
5,190 { 5,960 | 1,520 | 675 | 755
5,960 | 5,000 | 1,440 | 675 | 755
6,410 | 4,580 | 1,380 | 675 | 735
6,860 | 4,260 | 1,320 | 675 | 715
6,680 | 4,100 | 1,350 | 675

6,500 | 4,100 | 1,380 | 695 | 675
5,000 | 3,860 | 1,680 | 715 695
4,100 | 3,150 | 1,980 | 695 | 715
3,460 | 2,930 | 1,920 | 675 | 1,130
3,780 ] 2,860 | 1,860 | 675 | 1,550
4,100 | 2,790 | 1,830 | 675 | 1,500
4,100 | 2,650 | 1,800 | 638 | 1,440
3,860 | 2,790 | 1,540 | 600 | 1,410
3,700 [..caoo- 1,270 | 582 {......




68

WATER RESOURCES OF RIO GRANDE BASIN, 18388-1913.

Daily discharge, in second-feet, of Rio Grande near Del Norte, Colo., for 1889-1906,

1908-1913—Continued.

Day. Oct. Nov. Day. Oct. Nov. Day. Oct. | Nov.
1,380 798 840 619 715 415
1,350 798 797 600 735 415
1,320 798 755 600 755 378
1,270 798 755 600 755 342
1,220 756 755 582 755 331
1,120 715 776 565 776 320
1,020 695 798 548 798 320

975 675 716 530 776 320

930 656 755 470 755 331

885 638 735 415 776 342

798 |aeeeannn

Day. Apr.|May.|June.| July.| Aug.| Sept. Day. Apr. July.| Aug. | Sept.
1908.

505 || 16.ceem....- 1,120 (1,530 (3,830 (1,150 | 740 | 340

470 || 17.enenoe.. ,220 |1,900 (3,730 {1,100 | 870 310

470 || 18.......... 1,320 {2,270 3,060 {1,000 |1,300 282

435 |1 19.......... 1,320 (3,060 (2,440 | 960 |1, 282

435 200 ceunn.... 1,120 (3,440 (2,350 | 870 1,150 | 255

402 || 21.eeee..... 1,120 |2,350 (2,350 | 825 (1,100 255

370 || 22.cun...-.. ,120 12,440 {2,520 | 825 | 9 282

370 || 2Buuen...... 1,070 (2,190 2,440 | 825 |1,000 282

340 || 24.......... 1,020 {1,770 (2,350 | 825 | 870 282

340 || 25eunen..... 1,020 |1,650 2,440 | 825 | 782 | 282

340 || 26--enn.. 1,020 {1,770 (3,440 | 825 | 782 | 402

390 | 27ceen...... 840 {1,770 13,060 | 782 [ 782 340

310 1, 740 | 700 340

340 1, 660 [ 660 310

340 y 660 | 580 310

X 870 | 580 |....es

Day. Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. |Sept.




Daily discharge, in second-feet,
\

RIO GRANDE.

69

of Rio Grande mear Del Norte, Colo., for 1889-1906,
1908-1913—Continued.

Oct.

Nov.

Jan.

Feb.

Mar.

Apr.

May.

July

Aug.

680

512



70 WATER RESOURCES OF RIO GRANDE BASIN, 18881913,

Daily discharge, in second-feet, of Rio Grande near Del Norte, Colo., for 1889-1906,
1908-1913—Continued.

Day. Oct. { Nov. { Dec. | Jan. | Feb. | Mar. | Apr. | May. | June. | Juiy. | Aug. | Sept.

555 |, ... 325 300 <250| 512|1,150 | 6,060|1,900] 910 480
555 | ... 375 | 325| 250| 610]1,430 | 5,840 | 1,900 | 830 | 480
N I 375 | 325| 250 715)2,120 | 5950 ) 1,000| 790 | 450
555 |1 400| 325| 250 750 |2,520 | 5,840 [ 1,830 ] 750 | 480
555 |- ... 400 | 300| 270 |1,000| 1,830 | 5,520 | 1,690 | 715 | 480
555 |....... 400 275 20| 901,690 | 5,420 1,690 | 645 480
555 ... 400| 25| 202| 7902120 | 4,080 | 1,690 | 610 | 480
....... 400 265| 270| 750 2,520 | 3,780 | 1,760 | 715] 480
....... 1,620
1,6

2,680 [ 1,118 | 650 | 585
2,505 [ 1,065 | 650 | 585
2,20 [ 1,815 | 795 | 555
20025 | ‘965 | 720 | 52
2,025 | 92| 6% | 52
2,100 | 965 720| 5%
2,100 | 965 | 685 | 498
2,505 [ 2,00 | 965 | 685| 470
2500 | 2,420 [ 1,280 | 685 | 435
2,180 | 2420 | 1,118 | 685 | 435
2,100 | 2,260 | 1,280 | 720 | 410
2,025 | 2,025 | 1,225 | 720 | 410
2,590 | 1,950 | 1,225 | 720 | 470
2/950 | 1,050 | 1,065 | 685 | 498
2,950 | 1,160 | 1,015 | 685 | 470
2,770 | 1,280 | 1,005 | 650 | 435
3,805 | 1,118 | 920 | 618 435
3710 | 1,085 | 875 | 555 | 435
3,710 | 1,595 | 835 | 498 | 410
3,710 ( 1,465 | 835 | 498 | 410
3,495 ..., 758 | 4908 |......

Norte.—Daily discharge determined from various rating curves, for the most part well defined. Dise
charge for 1894 to 1896 revised since being published originally. Discharge records for 1912 and 1913 fur-
nijshed complete by the State engineer.



RIO GRANDE. 71

Monthly discharge of Rio Grande mear Del Norte, Colo., for 1889-1906; 1908-1913.

Discharge in second-feet. Run-off rcon
Month. (totalin [£CC

racy.
Maximum. | Minimum. | Mean, acre-feet).
1889-90.
October 11-81.. ..o e ee e e eeceeaeeeeans 345 214 gzg lg, 100
ovember. .. E
DOCOMDET - - o oo oo e @ 248 15,200
January. 220 13,500
February.. a 200 11,100
March. ...l lllllliIT a 445 27,400
APl e 913 54,300
A e e et eaieeeaemateaaan—as 4,330 266, 000
JUDe. .t 3,810 227,000
O —— |
Sto. T 2
September... ... 111111111 450 326 383 22,800
Ly TR s DRSS NDUNUTUUN AR S 804, 000
470 28,900
@ 340 20, 200
a 300 18, 400
a 275 16,900
a 250 13,900
@ 435 26, 700
1,410 83,900
3,280 202) 000
4,150 247,000
1,690 104,000
663 40,800
527 31,400
1,150 834,000
L 7] T 844 51,900
November. .. 45 374 22,
December. a 3%2 %g, 100
January... a2
February. . 4250 14, 400
March. ... 316 19, 400
April... 1, 62, 300
May... 2,600 160, 000
June. .. 2,190 130, 000
M e
ugust..
September... 1.1 1I1IIIIIIIIIIIIIIIIIIIIIIIII 262 15,600
805 585, 000
OCTODEL . . o eeeeeiiiietiennnenaaaaaeeeaeeeeaeecaaaas 29 | 15,900
November. ........ccceemaeann.. . 274 |eeeeeeaan. a 240 14,300
:]r)ecemher. ........ [ PO . . Z igg lg, ggg
anuary... .
February. al75 9: 720
............................. a 250 15, 400
April.. el 533 31,700
) £:3 - I 1,940 120, 000
June... ... 1,750 104,000
July..ooo ggg %3. 300
August... oo . 2
September... ... 11111 o 270 16,100
The Fear. « et e e aeaeancaraaaenann 3,320 |.eeeeinnn... 539 392,000
i 1893-94.
OCTODET - - et 308 243 263 16,200
November. . a 240 14,300
December . . . a 175 10, 800
i a 175 10,800
o 175 9,720
a 300 18, 400
922 54,
2,390 147, 000
1,070 63,700
365 22,400
383 23, 600
355 21,100

a Revised since being published originally.



72 WATER RESOURCES OF RIO GRANDE BASIN, 18881913,

Monthly discharge of Rio Grande near Del Norte, Colo., for 1889-1906, 1908-1918—

Continued.
Discharge in second-feet. Run-off A
Month. (totalin mcg}
Maximum. | Minimum. | Mean. | 2Cre-feet). ’
<
1894-95.
October.. 442 315 359 22,100
NOVEmMDEr. « - oottt e 315 230 282 6,
December. . I N a 225 13,800
a 200 12,200
a190 10, 600
........................ @435 26, 700
............ 2,000 119,000
............ 2,290 141,000
............ 2,330 139,000
............ 1,050 64,600
F4 1 £ A 735 45, 200
September. .« oo 604 365 448 26, 700
The Jear. .o eeeein i ccreecenans 3,690 |........l... 879 638, 000
1895-96.
October. . 470 385 419 25, 800
November 385 315 342 20,400
LTS3 41101 P PP EPSUP a 300 18, 400
L 15 E:Y o PSPPI PO PO a 275 16,900
f‘/[ebrillary .......................................... a 270 gg, ?gg
2 ) o ) PO PR a 500
April. Lol 3,000 5787 1,530 91,000
X R 3,?10 1,430 2,450 15{,238
TIR€. ¢ e e e ot e e e e e e e ae e 2,140 867
July., oI 7669 306 395 24,300
AUGUSE ee ettt e 385 230 268 16,500
September. . o oot e 1,550 262 499 29,700
The year 676 492, 000
454 27,900
305 18,100
@225 13,800
a 225 13,800
a 200 11,100
a 440 27,100
1,070 63,500
3,540 217,000
3,390 202,000
1,110 c;g, 108
gus 475 20
September...... R 972 354 631 37,500
The Year. «.ceeranriieeie i eienceaannn 5,230 |ieeeniaannn 1,010 729,000
1,470 90,500
665 39,600
@390 24,000
a 325 20, 000
a 300 16,700
a 450 27,700
1,910 114, 000
2,720 167,000
4,390 1,000
1,640 101, 000
509 31,300
319 19, 000
1,250 912,000
259 16,000
a 220 13,100
a 180 11,100
@180 11,100
@180 10,000
a 300 18,400
618 36, 800
1,380 84,700
1,090 64,900
703 43,200
597 36, 700
370 , 000
506 368,000

¢ Revised since being published originally.



RIO GRANDE.

3

Monthly discharge of Rio Grande near Del Norte, Colo., for 1889-1906, 1908-1913—

Continued.
i rge in -feet.
Discharge in second-feet. Run-off .
Month. (totalin Tacy. -
Maximum. | Minimum, | Mean. | 8¢fe-feet).
1899-1900.

a 475 29,200
a 400 23, 800
@ 205 12,600
@150 9,220
a 190 10,600
a 250 15,400
418 24,900
2,850 175,000
2,690 160, 000
546 33,600
228 14,000
255 15,200
721 524,000
342 21,000
251 14,900
@200 12,300
a 200 12,300
@175 9,720
@ 225 13,800
710 ,200
2,570 158,000
1,780 116,000
594 36,500
464 28,500
446 26,500
663 492,000
262 18,100

283 3
a175 10,800
160 9,840
@ 150 8,330
@230 14,100
638 8, 000
1,170 71,900
618 36, 800
162 9,350
180 11,100
206 12,300
352 255,000
242 14,900
@217 12,900
200 9,840
748 44, 500
2,830 174,000
5,190 309,000
1,660 102, 000
526 32,300
515 30,600
349 21, 500
652 38, 800
1,160 71, 200
716 , 600
336 20, 700
689 42,400

692 ,
October......... 3,100 875 1,450 89,100
i&{pril . 1,760 318 760 45,200
ay. 7,460 1,140 3,410 210, 000
June. 10, 000 2,740 6,090 362, 000
July. 2,390 630 1,090 67,100
August.. 905 355 578 35, 500

September.................. 1,230 290 376 22,4

a Revised since beiug published originally.



74 WATER RESOURCES OF RIO GRANDE BASIN, 18881913,

Monithly discharge of Rio Qrande near Del Norte, Colo., for 1889<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>